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PREFACE 


AT the animal meeting of the Scientific Advisory Board of the 
** Indian Research Fund Association in December 1938, a sub- 
committee was constituted to examine and report on the results of the 
inquiries on anaemia in pregnancy which had been financed by the 
Indian Research Fund Association and to make recommendations for 
future work. 

At its annual meeting in December 1939, the Board examined 
the report of the sub-committee as well as a summary, prepared by 
Dr. L. Everard Napier, of recent work in India on anaemia in pregnancy 
entitled * Anaemia in Pregnancy in India : The Present Position 
The Board recommended that a memorandum on standard technique 
in regard to hsematological methods and methods of survey should be 
prepared and published with Dr. Napier’s summary and sent to the 
Central Advisory Board of Health with the object of drawing the 
attention of all Provincial governments to the subject of anaemia. 

These recommendations of the Scientific Advisory Board have now 
been carried out. Dr. Napier’s summary is included in Part I of this - 1 
publication, as well as a short chronological history of anaemia investiga- 
tions under the Indian Research Fund Association from 1925 to 1939 
and the report of the sub-committee appointed by the Scientific 
Advisory Board in December 1938. The memorandum on standard 
technique in regard to liEematological methods has been prepared from 
a series of articles by Drs. L. Everard Napier and 0. Rr Das Gupta 
which were 'published in the Indian Medical Gazette between February 
1940 and July 1941 and constitutes Part II, while instructions regarding 
methods of survey have been drawn up by Drs. M. I. Neal Edwards and 
L. Everard Napier, and are printed as Part III of this publication 

( m.) 
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Preface 


As an illustration of wliat can be accomplished by an ansemia 
inquiry conducted on sound lines, the summary and conclusions of tlie 
report on an anaemia inquiry conducted at Calcutta by Drs. Napier 
and Neal Edwards under the Indian Research- Fund Association 
are given in Appendix I, not solely on account of the special importance 
of these conclusions, and certainly not because it is expected that similar 
conclusions will be arrived at from inquiries in other localities, but as 
an example of the type of conclusions that one can expect to draw from 
such an investigation. 

Appendix II contains recommendations based on the findings of 
the Delhi Maternal Mortality Inquiry which was conducted by 
Drs. M. I. Neal Edwards and J. Dei under the Indian Research 
Fund Association. 

Specimens of propaganda leaflets which were prepared during the 
Calcutta inquiry are given in Appendix IT T . 


Simla, 

5th August , 1941 . 


E. COTTER, Lieut.-Col., i.m.s., . 
Secretary, Governing Body and 
Scientific Advisory Board, 
Indian Research Fund Association. 
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PART I 


i 

A short chronological history of anaemia investigations 
under the Indian Research Fund Association 

from 1925 to 1939 

In 1925 Dr. Margaret Balfour who had retired from the Women’s Medical 
Service in India, visited India at her own expense with the object of carrying out 
investigations into the high maternal mortality in this country. She asked for a 
grant from the Indian Research Fund Association. In the report of the 3rd 
% Workers’ Conference held under the Association in 1925, it is stated that 

the services of a pathologist had been provided by the Women’s Medical Service 
and that the grant asked for was for expenses of the inquiry only. A grant of 
Rs. 14,915 was recommended and was sanctioned by the Governing Body of the 

Association. 

At the next conference (December 1926) the title of the investigation was 
extended and the ansemia of pregnancy was specifically mentioned. Dr. Balfour 
had drawn up and issued a questionnaire and had begun survey work in Bombay. 
The first publication on the subject appeared m September 1927 (Indian Medical 
G tie) • not much light was .thrown on the {etiology, but the death rate in a series 
ofTbO cases of anaemia was 42 per cent, and it was noted that the anaemia was 
hyperchromic in most cases. 

At the 5th Research Workers’ Conference in December 1927, the claims for an> 
' , . „ r +1 •_ inmiirv were stressed and as a result provision was made for, addi- 

ItonTstJ ' and ^ for the employment of a highly-trained worker from Europe^ Dr. 
Lucv Wills was recruited from England and she started work in 1928-29. -./She was 
present at the next Research Workers’ Conference (6th) ; in her report, .she referred 
to vitamin-B deficiency as being the subject of some of her animal; experiments. 
A separate inquiry on the effect of industrial condition's on maternal and infantile 

mortality was recommended. -*• • . / 

At the 7th Research Workers’ Conference- (December 1929) Dr. Lucy Wills 
spoke on her work. She had separated the clinical picture of this form of ansemia 
which she claimed was different from Addisonian ansemia, or the secondary ansemia 
of malaria, hookworm and syphilis. 

She had found some evidence of vitamin-A and vitamin-C deficiencies in her 
patients’ dietaries and had commenced experimental work with these ixr animals. 
In the next budget provision was made for an investigation into still birth and 

N, AP ( ^ )> * 
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infantile mortality. During that year fonr reports appeared in the Mian Journal 
of Medical Research on these investigations. 

At this same conference a grant was recommended for the investigation of 
hemoglobin standards in health and disease in Bombay by Dr. V. R. Khanolkar, 
M.R.C.S. (Eng.), l.b.c.p. (Lond.). 

At the 8th Research Workers’ Conference (December 1930) Dr. Lucy Wills’ 
resignation was announced. The [etiological importance of vitamin B was again 
suggested for investigation, but more especially in connection with still birth. 
Animal experiments were being carried out but no conclusive results were reported. 
It was during the next year that Dr. Lucy Wills published her historical obser- 
vations on the effect of Marmitc in tropical macrocytic ancemia (TMA), in the 
British Medical Journal, June 1931. 

The scope of this inquiry showed signs of widening, and the Association 
financed inquiries on osteomalacia, maternity conditions in industrial workers, 
on early infantile mortality, and on still birth in India. Dr. Khanolkar reported 
his findings with different methods of haemoglobin estimation. 

At the 9th Research Workers’ Conference (December 1931), the continuation 
of Dr. Khanolkar’s inquiry was recommended. No results were given, or published, 
during the year. Other maternal mortality inquiries were discontinued. 

A new inquiry was commenced by Dr. Mudaliar in Madras. 

At the 10th Research Workers’ Conference (December 1932), a report was 
presented on Dr. Khanolkar’s inquiry. 

Dr. Mudaliar sent in an extensive report on his lines of work but no results 
were given. He asked for a further year’s inquiry with an increased grant of 
Rs. 6,000 which was recommended by the Scientific Advisory Board. A preliminary 
report on his work was published in the Indian Journal of Medical Research, 
October 1932. 


It was at this meeting that Dr. Balfour made her appeal for an inquiry into 
maternal mortality in Assam where she had found an average of 42 maternal deaths 
pcr_ 1,000 livehirths, and in one district 137 per 1,000. She considered that half of 
the deaths were due to ancemia. She asked for a grant of Rs. 5,000. This sum 
was ear-marked for her inquiry which did not mature. The Assam Research 
Society issued a questionnaire with the help and advice of Dr, Balfour. Many replies 
were, received but there is no evidence that the material was ever analysed. 

At the 11th Research Workers’ Conference (December 1933), Dr. Mudaliar’s 
request for a grant of Rs. 5,840 for a scheme for future work was recommended. 

At the 12th Research Workers’ Conference (December 1934) Dr. Mudaliar’s 
inquiry was regarded as completed. Dr. Napier put forward a proposal for work 
m Assam during 1935-36. This proposal was accepted. Dr. Bilimoria was trans- 
ferred from Dr. Mudaliar’s .to Dr. Napier’s inquiry. 

At the Scientific Advisory Board meeting in that year a further sum of Rs. 4,200 
not f ctthTonfing * 8lmre ^ °* ma<:erna ^ mortality, hut suitable proposals were 
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At tlie 13th Research Workers’ Conference (December 1935) there was 
considerable discussion on the necessity for more" maternal mortality work and 
again a sum of Rs. 10,000 was ear-marked for surveys in maternal mortality in 
1936-37. 

Dr. Napier reported some preliminary results of his inquiry which was conti- 
nued for a second year. 

During the year 1936-37 a maternal mortality survey was commenced 
in Calcutta under Dr. Neal Edwards, W.M.S. A rural survey in Delhi was 
commenced but abandoned as it was not a success. 

At the 14th Research Workers’ Conference (December 1936), a maternal 
mortality sub-committee was formed ; this committee recommended the expansion 
of the survey work, an inquiry on anosmia and eclampsia m Calcutta to take the 
place and to utilize the personnel of Dr. Neal Edward’s survey inquiry, and the 
continuance of the anaemia inquiry in Assam. Dr. Napier gave a short r6sum6 
of his work which was being published in a series of articles in the Indian Journal 
of Medical Research. 

< At the 15th Research Workers’ Conference (December 1937), the Maternal 
Mortality Committee again met and Dr. Neal Edwards gave a short report on her 
survey work which was completed and also on her anaemia investigations ; these 
were incomplete and she thought they should be continued for another year. 
Dr. Napier agreed to tako over this inquiry when Dr. Neal Edwards went on leave. 

Dr. Napier reported the progress of his inquiry which was extended for another 
year. An inquiry on normal standards in women in Delhi was undertaken by 
Dr. Alice Benjamin. 

At the 16th Research Workers’ Conference (December 1938) the inquiry on 
pnmmm amongst pregnant women was discussed and it was agreed that this inquiry ■ 
should be closed down at the end of the year, as the work would be completed. ‘ 
Further reports on the work of Dr. Napier’s, inquiry had appeared in the Indian-' 
Journal of Medical Research during the year. This inquiry was continued.'’ 
Dr. Alice Benjamin’s report was received ; this investigation appeared to be almost 
completed and was not continued, 


2 

Report of the Anaemia Sub-Committee appointed; by the 
Scientific Advisory Board of the Indian Research 
Fund Association (December 1 939) ( 

Members Dr. M. I. Neal Edwards, Dr. V. R. Khanolkar, 
Lieut.-Colonel S. S. Sokhey, i.m.s., and 
Dr. L. E. Napier (Convenor) 

The terms of reference for the Committee were : (1) to examihe the results o 
bhe inquiries on amemia' and especially those on anaemia in pregnancy financed bj 
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the Indian Research Fund Association and (2) to make recommendations for 
future work on this subject. 

Findings.— In India, anaemia per se presents a public health problem of primary 
importance. In the past it has attracted less attention than it deserved, partly 
on account of the general attitude of complacency that is adopted towards disease 
states not co mmo nly associated with a high mortality, and partly on account of a 
physiological misconception, namely, that the normal hemoglobin in the blood 
of persons living in tropical countries is lower than that of the residents of temperate 
climates. The misconception regarding the haemoglobin level in the tropics has 
now been fully exposed as such, and whilst anaemia does not appear prominently in 
general mortality tables it is undoubtedly a very important factor in causing death 
in infectious and other diseases in which, had the patients started with full comple- 
ments of blood and normal haemopoietic systems, they would have recovered. 
Further, it is of outstanding importance as a direct or predisposing cause of maternal 
death. 

Anaemia may be produced by a number of causes, but where it is widespread 
in a population, as it has been shown to be in a number of places in India, it' is 
probable that it is due to a cause, or to causes, common to a large percentage of 
that population, though the dominant cause, or causes, of anaemia will be different 
in different localities : some of these causes are well recognized, whilst others are 
still obscure. 

Anaemia assumes special importance in pregnancy ; it is second only to sepsis 
as a cause of maternal deaths and it actually exceeds it in some parts of the country. 
The incidence of anaemia in pregnancy in various localities is probably correlated 
with the degree of anaemia in the general population— -though this is a point about 
which more information needs to be obtained— but, while the conditions which 
produce the anaemia in the general population undoubtedly operate in the case of 
the pregnant woman also, it is probable that there is some additional aetiological 
factor. 


The investigation op the pboblem of anjemia 

Valuable indications of the aetiology of the anaemia in an individual can 
usually be obtained by studying the blood picture by modern haamatological 
methods. 

Haematological surveys in different localities where different conditions prevail 
have shown that there are a number of different causes for this widespread anaemia. 
In some instances the survey has clearly suggested what is the main cause of the 
anaemia, and such surveys, carried out in a large number of places where other 
conditions prevail, if the results are correlated with the local conditions, especially ^ 
local dietary, and prmlent infections, will add to our knowledge regarding the 
characteristic blood pictures associated with various sets of conditions, as well as 
giving valuable indications as to the cause of the anaemia in any of these places m 
which anaemia is found to be prevalent, and thereby will demonstrate the ways 
by which it may he controlled. 
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HcBmatological surveys should include: — 

(1) Clinical examinations and heemoglobin estimations to find out the 

incidence of franlc anaemia in the population ; 

(2) A fuller blood examination in a sample of so-called normal 

individuals ; 

(3) A complete blood examination in a group of frankly anaemic individuals 

(which examination, if possible, should be repeated during and after 
treatment) ; 

(4) A complete blood examination, with epidemiological and clinical data, 

•in two series of pregnant women, non-anaemic and anaemic. (This 
examination should be repeated later during pregnancy and after 
delivery.) 

The provision of specially trained, workers 

It is essential in haematological work of this kind that, as data which are 
•unreliable are worse than useless, a high degree of accuracy should be maintained, 
which can only be expected from trained personnel. The Indian Research Fund 
Association cannot of course be expected to undertake work over such a wide field 
as has been visualized above, but as far as possible workers who have already 
been trained in this work should be retained and should be utilized to carry 
out such surveys, by themselves, or in centres where they can supervise the 
work of other personnel and instruct them in modern haematological methods, 
or in a central laboratory where suitable individuals could be sent for training 
in this work. 

' Recommendations 

(а) It is recommended that hcematological surveys, on the lines suggested above, 
should-be carried out, both in urban and rural areas. 

It should be possible in many instances for these haematological surveys to be 
carried out by members of the staff of hospitals and colleges, and the surveys in 
rural areas might provide a good opportunity for short-term inquiries by university 
scholars, after preliminary Gaining at some central laboratory where this type 
of work is done. * 

(б) Although it is not recommended that, at the present time, experimental 
work be extended beyond the experiments actually visualized, from time to time 
specific problems which require, and are suitable subjects for, expe rim ental 
confirmation are likely to arise and for this purpose trained personnel will 
be essential. 

< 

(c) To ensure uniformity, in both technique and in the general procedure in the 
hsematological surveys, so that the findings in different localities, may be 
comparable, it is recommended that a memorandum be issued- in which details 
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of hrcmatologicnl methods and suggestions for the conduct of lucmatological 
surveys, in both urban and rural areas, arc given. 

(d) It is further recommended that in conjunction with this memorandum 
(or in a separate publication) a summary of recent work done in India on this 
subject, including suggestions for future lines of work, a draft of which has 
already been prepared, should be issued. 


3 

Anaemia in pregnancy in India: The present position 

About thirteen years ago, special attention was drawn to the im portance 
of antemia as a cause of maternal morbidity and of maternal and infantile mortal- 
ity in India. During the intervening years a considerable amount of investigation 
has been undertaken both under the auspices of the Indian Research Fund Asso- 
ciation and by independent workers. We feel that the time has now come to 
summarize the results of this work, to state. the present position, and to indicate 
the general trend of these investigations. 

Maternal mortality in India 

The exceptionally high maternal mortality in child-birth in India may be 
looked upon as the circumstance that made an inquiry on this subject an urgent 
necessity. 

Dr. Margaret Balfour who had retired from the Women’s Medical 
Service returned to this country at her own expense to investigate this subject. 
She received a grant for additional help from the Indian Research Fund 
Association. 

She (Balfour, 19276) collected data from Indian hospitals and found a maternal 
mortality rate of 21*5 per mille (244 deaths in 11,343 deliveries). 

The registration of both births and deaths in India generally is unsatisfactory, 
and, as there is no special mechanism by which deaths associated with child-bearing 
are returned separately, the central or provincial public health reports give no 
indication of the true state of affairs. 

In Bombay, however, where it was thought that the registration was compara- 
tively accurate, the death rate was given as 16*7 per mille births in 1924 and in 
the Calcutta Corporation Health Officer’s report for the same year it was 
given as 18 per mille. ' * 

In 1933, Six John Megaw collected figures from rural dispensary doctors in 
different parts of India and gives a figure of 24 - 5 maternal deaths per 1,000 live 
births. In a special inquiry in Calcutta, Neal Edwards (1939) found a similar rate 
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and two inquiries in Madras obtained figures of 16-6 and 18-5 per 1,000 birtbs. In 
Assam, as a result of a questionnaire, Balfour obtained an average figure of 42 per 
1,000, and in a single are^a tie extraordinary figure of 137 maternal deaths per 1,000 
live births. These figures have to be compared with 3-8 and 3-16 per 1,000 live 
births in England and "Wales in 1936 and 1937, respectively. It is unnecessary 
to emphasize this f)oint further. 

The pari played hy anosmia in this high mortality 

Balfour in her early investigations and personal experience in Bombay and 
Assam repeatedly expressed the opinion that about half the deaths were associated- 
with anaemia. 

She (Balfour, 1927a) placed anaemia second to osteomalacia as a cause of 
maternal morbidity and gave the figure as 27-6 per mille of pregnancies. Neal 
Edwards collected data from women’s hospitals in India and found even higher 
figures for anaemia, 49-5 and 42-9 per thousand in 1936 and 1935, respectively. 
Napier and Das Gupta (19376) found 158 per thousand pregnant coolie women in 
'Assam definitely anaemic (below 50 per cent). Choudhury and Mangalilc (1938) 
found 6-6 per cent of pregnant women in Agra * anaemic ’ ; in their published series 
of 41 cases they include two with 50 per cent haemoglobin (6-87 g.) and seven over 
this amount. 

Balfour (19276) reported that 61-9 per cent of all maternal deaths in Bombay 
and 35-6 per cent of those from India generally were due to anaemia. 

Mudaliar and Rao (1932) in Madras city found that 50 out of 436, or 11*5 
per cent, of maternal deaths were due to anaemia, but Neal Edwards in her 
Calcutta inquiry (1936-37) found that 23-33 per cent of deaths were due to ' 
anaemia and from an analysis of 39 women’s hospitals all over India, 18-0 
per cent. Mitra (1933) gives the mortality, due to anaemia during 1931 at 
a large maternity hospital in Calcutta as 47-9 per cent of the total maternal’ 
mortality. 

The death rate in pregnancy anaemia. — The significance of the figures quoted 
below is limited, as the death rate will depend, firstly, on the severity of the 
cases admitted and, secondly, on the treatment given. 


Number of 
patients 

Percentage of 
deaths 

Authority 

150 

42 

Balfour (1927a). 

43 

34-9 

McSwiney (1927). * 

50 

30 

Wills and Mehta (1930a). 

1C5 

31-6 

Mitra (1937). . Y„. 

561 

36-5 

Mitra (1937). 
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These figures do however show that the maternal mortality in pregnane)' 
anaemia may be alarmingly high. Napier and Majumdar (1938) had eight deaths 
in a series of 08 cases (13*8 per cent), but there were in this series seven additional 
cases noted as ‘ failures ’ and it is probable that some' of these patients died 
later in their homes. It is possible thnt a similar explanation may be given 
for Chatterjee’s (1938) low figure — 12 per cent. 

An even higher infantile mortality is reported by nil workers ; for example. 
McSwiney (loc. cii.) gives a figure of 58-8 per cent. 

Large as the figures are, they do not convey n true picture of the effect of 
antenna, because amongst the cases of sepsis, whicli heads the list of causes 
of maternal death, there are many instances in which, if the patients hnd not been 
severely anaemic as well, they would have recovered. 

Whereas, in Bombay and Calcutta, sepsis and eclnmpsia which appear above 
and below antenna as the first and third causes of death, respectively, occur in all 
countries, anrcmia is usually classed as a negligible factor in Western countries, 
accounting for only 0-05 (England and Wales) and 0-08 (Scotland) per cent of 
maternal deaths. Anaemia is therefore not only very important as a cause of mater-' 
nal mortality, but it is an outstanding one in "this country as compared with other 
countries. 

Further points which might be ascertained are the comparative importance 
of anosmia in Northern India and in any place where hookworm and/or malaria 
are uncommon. 


Epidemiological data 

The early papers on the anosmia of pregnancy discuss the epidemiology, but 
usually give impressions rather than figures, and such figures as are given seldom 
include the composition of the populations and are thus valueless. Balfour (1927a), 
however, shows that in Bombay anrcmia in pregnancy is more common in Moham- 
medans than in Hindus. The incidence per 1,000 is 93-8 and 40-1, respectively. 
However, osteomalacia and eclampsia, two other diseases which she includes in 
her table, show a far greater preponderance amongst Mohammedans, which suggest 
that the community is unhealthicr generally. She states that they live on a better 
diet than the Hindus, but does not give any data for this observation. 

Gupta (1932), reporting maternity cases admitted into the Eden Hospital, 
aicutta, during 1928 to 1930, gave the total incidence of anrcmia as 7-19 per cent ; 
Hindus were 8-89 per cent, Mohammedans 19-09 per cent, and Indian Christians 
*7 P er cent ’ ttie tow total incidence being due to dilution with Europeans, none 
ot whom were anrcmic of 73 admitted, and with Anglo-Indians in whom the incidence 

wn.fl fllen Innr * 


• ? nd Mangalik (loc. c it.) found little difference in the communities 

Agra . they give Hindus as 5-1 per cent and Mohammedans as 6-3 per cent. 

feW data re g»* d tog the economic status of patients. Both 
Balfour and Mills repeatedly state that anrcmia of pregnancy is not confined to 
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the poorer classes and that it is higher amongst some of the better-class communi- 
ties. They produce no convincing figures to prove this. On the other hand, 
most of the data presented are from hospitals in which the poorer class of patient 
predominates, and, though anosmia is known to be far from uncommon amongst 
the * private-patient * class, comparable figures are not available. As far as Bombay 
is concerned the statement is probably dependent largely on the observation that 
anosmia in pregnancy is not common amongst a certain class of mill worker. The 
dietary surveys in Bombay (Wills and Talpade, 1930; Talpade, 1931) amongst 
different classes of patient, including the mill workers, produced mainly evidence 
of a negative nature, in that they showed that the individuals of all the classes 
surveyed lived on an ill-balanced diet ; the diet amongst the mill workers was 
very deficient in fat and protein, particularly animal protein, and in vitamins 
A and C, but was not deficient in vitamin. B ; this did not, however, differ signi- 
ficantly from that of the pregnant anoemics of the hospital class. 

Seasonal incidence . — Balfour (1927er) in Bombay found the hig hest incidence 
from September to March, McSwiney {loc. cil.) and M-itra (1931, 1937) from July 
to December in Calcutta {see Table I). 
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Chnttcrjee ( loc . oil.) gives the percentage incidence of pregnancy anaemia com- 
pared ■with total obstetric admissions at a Calcutta hospital over a 5-year period ; 
he shows that there is a marked preponderance from October to January with 
comparatively high percentages in September and February. 

Mudaliar and Rao (loc. cit.) in Madras were only reporting on a small number 
but show the highest incidence in June. Choudliury and Mangalik (loc. cit.) in Agra 
do not find any seasonal incidence. They point out that the pregnancy incidence 
increases in the second half of the year. This was shown also by Balfour in 
Bombay and is true in Calcutta, but in neither city is this increase in the anamaia 
incidence in the last four months of the year explainable on the greater number of 
deliveries in these months. Balfour found diarrhoea more common in the 
second half of the year and considers that the anaemia incidence is correlated 
with this. 

Age . — The question of age is too closely associated with that of parity to 
provide any significant information independently. 

Parity . — Balfour (1927a), McSwincy (loc. cit.), and Chatterjce (loc. cit.) give 
the following figures for parity (Table II) : — 


Table II 


B 

Balfour 

(1027a) 

McSwinev 

(1927) 

Chattebjee 

(1938) 

D 

Bombay 

Cnlontta 

Calcutta 

Primipnrrc 

29 

13 

10 

2nd juegnancy 

22 

10 

7 

3rd 

13 

6 

10 

4th 

7 

6 

9 

6th 

9 

2 

7 

6th 

3 

3 

3 

7th, 8th, or over • , • 

14 

2 

3 

Totals . . 

97 

43 

50 
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Mitra (1937) and Choudhury andMangnlik (loc. cil.) show graphs suggesting the 
same steadily declining incidence through the pregnancies. The value of these 
figures is reduced by the writers’ failures to give the pnrity distribution amongst 
normal pregnancies. This will obviously vary in different populations. Mitra 
(1937) goes further and makes the misleading statement : * Figure 2 shows the 
greater incidence in multiparas (80 per cent) than in primiparas. ’ Napier and 
Gupta (1937a) remedy this defect, but they are obviously dealing with an unusual 
population for the peak of the normal distribution curve is at the third 
pregnancy : in their figures the percentage of anaemia is 28-5 for primiparas and 
this falls to 15-4, 13-3 and 12-2 in the succeeding pregnancies. 

From the data analysed there appears to be evidence of a higher relative 
incidence of anasmia amongst primiparas, but it is possible that in some instances 
this apparent predominance is due to the fact that women are more likely to come 
into hospital for their first pregnancy. 

Prematurity . — Not very much is to be learnt from the month of pregnancy, at 
which the patient first comes under observation as this may have little relationship 
to the time of onset of the anasmia. In nearly all the scries reported, the incidence 
of anasmia rises towards the end of pregnancy, and very few cases are less than 
six months pregnant when they first come under observation. 

Discussion . — Studies of the anasmia of pregnancy in which an attempt 
is made to find epidemiological factors are usually based on the premise that 
there is one specific condition with one common cause. Discrepancies in the 
findings of different observers may well be explained on the grounds that there 
are multiple causes and that these are not equally represented in the various 
series of different observers. Discrepancies therefore assume a special importance 
and, further, it is obvious that we ought to obtain more data from different 
places in India and from different classes of patients, in order to decide more 
definitely whether the cause is single or multiple, and to correlate the various 
observations with the special local conditions, e.g. the incidence of various’ 
diseases, such as hookworm and malaria, and with the diet of the populations 
concerned. 


Associated clinical picture 

Wills and Mehta (1930a) have stated that 16 of their 66 cases have been 
excluded on the grounds of malaria, hookworm infection, syphilis, or definite 
nephritis. The rest they claim are ‘idiopathic’ anosmia of pregnancy. This 
procedure of 'excluding certain cases seems scarcely justifiable and only likely to 
confuse the issue. * y 

Fever .— This is a very common associated condition! Balfour (1927a) noted 
that the onset of the anasmia was with fever in exactly half her cases and that 
83*3 per cent had fever at some time or another during the disease. Mitra (1931) 
reported fever in 36-7 per cent of cases, and.'Chatterjee (loc. cit.) in 90-6 per cent 
Other workers refer to the frequency of fever. Napier found in his Assam cases 
that fever at some time during pregnancy was the rule in almost all caseB ■ 
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Little importance can be attached to the percentage malarial parasite 
findings in the various series reported, as much will depend on the thoroughness of 
the search made. Balfour (1927c) reported 8-66 per cent plasmodium infections in 
her series, a high figure in a place where the general malarial incidence is not 
particularly high. 

Splenic enlargement.— In Bombay. Balfour (1927c) reports 18 per cent splenic 
enlargement. McSwiney (loc. cit.) 23 per cent, Mitra (1931) 40-7 per cent, and Gupta 
(he. cit.) 8-8 per cent in Calcutta ; the Inst is probably too low a figure. In Assam, 
Napier and Bilimorin (1937) differentiated between the hmmatologicnl groups; 
they reported 33 per cent enlarged spleens amongst hyperchromic cases, 14 per cent 
amongst hypochromic, and 6 per cent amongst non-anremic pregnant women. 
Napier and Majumdai (loc. cit.), in a more malarious part of Assam, found G5 per 
cent of the anaemic pregnant women had enlarged spleens, against 30 per cent 
non-ante mic, if all degrees of enlargement were considered, and 43 per cent and 
8 per cent, respectively, if definite mensurable enlargement only was considered ; 
they also found that there was a ‘ significant ’ difference between the iron-reacting 
and the liver-reacting groups, the latter showing a much higher incidence of splenic 
enlargement. 

In Agra, Choudhury and Mangalik (loc. cit.) found that 55-6 per cent of 
the patients in their macrocytic group had enlarged spleens, hut none of the 
rest. 

All reports thus tend to emphasize a very high incidence of splenic hypertrophy 
amongst cases of antemia in pregnancy. 

(Edema. — All workers report a high incidence of oedema and many say it is 
a cent per cent finding. 

Albumin in the urine.— Most workers report this in a large percentage 
of cases. 

Wills and Mehta (1930a) report albumin in the urine in 35 per cent of their 
cases, Balfour (1927a) in 48 - 6 per cent, McSwiney (loc. cit.) in 60 - 5 per cent, Mitra 
(1931) 26 per cent, and Gupta (loc. cit.) 25 per cent, but Chatterjee (loc. cit.) only 
gives 7-5 per cent ; this last figure can probably be ignored. 

Gastrointestinal symptoms. — Diarrhoea is a very common association ; it was 
reported in 38 per cent of Balfour’s (1927a) series, in 44 per cent and 20-6 per cent 
of Mitra’s (1931, 1937) two series, and in 74’1 per cent of the maerooytic group in 
Choudhury and Mangalik’s (loc. cit.) series. In the Assam cases diarrhoea or 
dysentery ‘occurred in at least two-thirds of the cases either shortly before or during 
the time that they were under observation. Balfour was so impressed with the 
frequency of the association that she attributed the higher incidence of anosmia in 
the second half of the year to the much higher incidence of diarrhoea and dysentery 
m Bombay at tbis season. 

• ^®27a) reported vomiting (other than the ordinary vomiting asso- 

emted with early pregnancy) in 40 per cent and Bore tongue in 31 per cent of cases, 
itra (1931) mentions that 82-5 per cent of his series had a sore tongue. We have 
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found in Calcutta and Assam tljis'condition very hard to assess ; most of the women 
eat pan which disguises the appearance of the mouth and most of them have pyor- 
rhoea, and it is difficult to elicit the information without a leading question ; our 
impression is that it is not a very prominent symptom. Choudhury and Mnngalik 
{ho. oil.) state definitely that they have not noted it in their cases. Others do not 
mention either vomiting or sore mouth as common. 

Gastric acidity is discussed later. 

TPhssenjiffjm and Kahn reactions . — McSwiney (foe. cil.) found a positive 
Wasscrmann reaction in 40 per cent of his cases. Balfour (1927a) reported 
that, in 15 out of 32 cases tested, the Kahn reaction was positive. Mitra 
(1931) found four out of 11 cases Wasscrmann positive; Napier nnd Majumdar 
(foe. off.) found the Wasscrmann reaction negative in 27 out of 36 cases, 
doubtful in three, and positive in six ; most of the positive findings were in 
the hypochromic group. Chattcrjee (foe. cit.) however found none of his cases 
positive, and other workers have not found more positives than the usual 
percentage of the general population. This subject requires further investi- 
gation ns no large series has been done. 

Treatment . — No one has described the treatment of*aneomia in pregnancy with 
much confidence and those who have attempted any scientific appraisal of their 
results have usually approached the subject with the object of throwing light on 
the retiology. 

McSwiney (foe. cit.) ndvised treatment on general hygienic lines, until dietary, 
iron and arsenic by mouth or injection, small injections of whole blood, nnd the 
termination of pregnane)'. He advised against blood transfusions. 

Green-Armytage (1928) thought that the nnrcmia of pregnancy was a toxramia 
and advocated the termination of pregnancy. 

Wills and Mehta (1930a) used liver extract with good results. 

Wills (1931) first drew attention to the value of Marmitc. In a largo 
number of her Bombay cases recovery followed the administration of 30 grammes 
of Marmitc daily. The improvement occurred after a typicnl reticulocyte 
response. 

Gupta (foe. cit.) recommended treatment on similar lines but included liver 
injections and Marmitc. Ho noted that largo transfusions caused abortion. 

Mudaliar ami Rao (foe. cit.) obtained no response with Marmitc. -This is possibly 
because many of their cases were hypochromic and probably iron-deficient ; liver 
extract and iron produced the best response. : 

Mitra (1937) advocated all known forms of therapy hut was vague as to the 
results obtained. He reports a high mortality. He seems to favour small repeated 
transfusions, but his remarks suggest theory rather than practice. He attributes 
good results to intravenous glucose. He concluded * Cure is never vouchsafed 
unless pregnancy terminates \ 

Choudhury and Mangalik (foe. cit.) also found Marmito useless. They obtained 
good results with Neo-Hepatcx and Campolon in macrocytic cases, and with 
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iron in microcytic. Transfusion was not used by them as they considered it 
unnecessary. 

In Napier and Majumdar’s (loc. oit.) series, treatment was experimental and 
usually one haematinic only was given : — 

Iron (in microcytic cases) or Marmite (in normocytic cases) given early seemed 
to he effective, hut given in the later stages of pregnancy it had no .effect until the 
uterus was empty. Campolon produced a more rapid, and a more certain, response 
in norino- or macrocytic cases, blit again the inhibitory effect of the foetus was 
marked, and, in the later stages of pregnancy, response was seldom satisfactory 
until the uterus was empty. 

Transfusion seemed to have no .specific effect but tended to cause abortion 
which was often followed by improvement. 

Napier d a!. (1938) found Anahwmin less effective than crude liver extract. 
This observation was confirmed by Wills arid Evans (1938). 


H(p, radiological investigations 

The necessity for investigating the haematological picture of anaemia of 
pregnancy led to work in a number of divergent directions, which it will 
be necessary to consider separately. The first may be called the introduction 
and standardization of haematological methods and the obtaining of normal 
standards for Indian populations. The second is ' the attempt to separate into 
different haematological groups, in the hope that this may lead to an setiological 
classification, the anaemias that occur (a) amongst the general population, both 
men and women, and ( b ) in pregnant women. A third direction has been 
the evolution and study of a new pathological and clinical syndrome, tropical 
macrocytic nnfemia. 

It will be convenient to discuss the last line of investigation first. 

Tropical macrocytic anosmia. — Wills in her first paper showed very clearly 
that there was amongst her cases of anaemia of pregnancy a hyperchromic 
anaemia which was quite distinct from Addisonian pernicious anaemia, but 
which responded with a characteristic reticulocytosis to liver extract; she also 
described a similar disease in non-pregnant women. Her biochemical and clinical 
investigations in these cases did not suggest that the condition was a toxaemia 
of pregnancy, and on the grounds of some preliminary dietary investigations 
amongst her patients she suggested that it was most probably a dietary disease 
and she favoured deficiency of vitamins A and C, as being the probable cause 
(Wills and Mehta, 1930a). 

A dietary survey amongst different Bombay communities seemed to add 
support to the suggestion that vitamin-A and vitamin-C deficiencies were the 
causative factors, as it was in the communities in which these deficiencies were 
most pronounced that most cases of this ansemia were discovered (Wills and 
apade, loc. cit.). More support came from animal experiments in which she 
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showed that rats fed on diets deficient in vitamins A and C died of Bartonella 
anaemia (Wills and Mehta, 1930ft). She then turned to monkeys as her 
experimental animals. She produced a macrocytic anaemia iri monkeys by 
feeding them on a diet of polished rice, white bread, and chapattis, a more-or-less 
vitamin-free diet ; to this she added vitamins A and C but without result ; she 
then gave Marmite, with the result that the monkey’s red cell count and its 
weight immediately improved (Wills and Bilimoria, 1932). She followed thiB up 
by an immediate clinical trial in Bombay and established the fact that Marmite 
would cure one form of anaemia of pregnancy, a macrocytic anaemia, that 
appeared to be most prevalent in Bombay (Wills, 1931). 

This work of Wills had clearly established the fact that there was a macrocytic 
anaemia occurring amongst pregnant and non-pregnant women which was curable 
by some substance contained in autolysed yeast ; this disease which was a new 
syndrome she called tropical macrocytic anaemia. 

The subsequent work of Wills (1934) has not been done under the aegis of the 
Indian Research Fund Association ; it is however important work and some of it 
has been done in India. Wills and her co-workers have shown that the actual 
substance that produces the improvement in this macrocytic anaemia is not 
vitamin Bi, lactoflavin, nicotinic acid, vitamin B 4 , or vitamin B 6 . She showed 
that, in experimental monkeys fed on a diet deficient in vitamin-B complex, the 
West and Dakin fraction of liver extract (represented by Anahcemin) was not 
curative, but that the soluble fraction, after saturation with ammonium sulphate, 
of-Campolon produced a reticulocytosis and cure. Napier (1938) confirmed this in 
the case of tropical macrocytic anaemia in Calcutta as did Wills and Evans (loc. cit.) 
in Bombay a few months later. Later, however, the former worker showed that 
in some cases a cure was effected with massive doses of Anahaunin, in conjunction 
with a good hospital diet (Napier, 1939'ft). Later, Eoy and Kondi (1939) made the , 
same observation with regard to macrocytic antemia in Macedonia. 

The present position is that the actual identity of the substance that brings- 
about a cure in Wills’ macrocytic anosmia has not been discovered, but a large 
number of substances have been excluded ; to those substances mentioned above 
must be added Castle’s extrinsic factor, as refined liver extracts (e.g. Anahtomin) 
which are curative in true pernicious antemia are not as effective in this condition. 
We know that the substance is present in an ordinary mixed diet, and in a more 
concentrated form in autolysed yeast and in the cruder liver extracts. 

In the experimental work with monkeys at present being undertaken by the 
writer with the assistance of Dr. Majumdar, we have so far failed to reproduce the 
Wills’ macrocytic antemia in our monkeys, though we have been able to show' that 
the recovery time in monkeys subjected to repeated small bleedings was much 
longer when the monkeys were kept on a vitamin-B-deficient diet than when they 
were kept on a balanced diet. 

Whilst it is a matter of more than academic interest to identify this factor, the 
writer does not feel that it is an absolutely essential piece of information, not, at 
any rate, to the extent that lack of this knowledge seriously prevents our obtaining 
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a very much better understanding of the aetiology of the anaemias of pregnancy in 
India. We know that a diet deficient in vitamin-B complex will probably be defi- 
cient in this substance and tend to produce a particular type of macrocytic anaemia, 
and we know that autolysed yeast and most of the crude liver extracts contain it 
and, in uncomplicated cases of this anaemia, will effect a cure. The writer does 
not think that at this stage further experimental work in India directed solely 
towards identifying this factor will be profitable. It is highly technical work which 
is already being done in England by Wills and probably other workers. Later, 
it might be necessary to confirm her findings in India as we did in the caBe of her 
Anahcemin work. 

We know that deficiency of a certain food factor will produce this particular 
macrocytic anemia. We know also that many of the people who suffer from it 
live on a diet which is deficient in many essential substances, but none of the dietetic 
survey work so far done, either in Bombay or elsewhere, has been able to show 
that the diets associated with this anosmia were definitely deficient in vitamin-B 
complex, though it was seldom in excess. Wills has taken the view that the pregnant 
women’s requirements are slightly in excess of those of a non-pregnant woman and 
that this deficiency is thereby exaggerated ; sbe points out quite correctly that this 
same anaemia occurs in non-pregnant women and in men, but less frequently. In 
this connection the example of iron deficiency and hypochromic iron-deficiency 
anemia in pregnant women has been quoted. However, it has not been shown 
that the demands of the foetus for vitamin-B complex are greater than for any 
other food substance, as is the case with iron which the foetus stores in its liver in 
large quantities. All workers are not prepared to accept this comparatively simple 
explanation of the aetiology of the syndrome. Reference will be made to this 
point later. 

Tropical macrocytic anosmia hcemolylica . — Napier (in 1936) drew attention to the 
fact that all macrocytic anaemias of tropical countries that responded to Marmite 
and liver extract were not Wills’ tropical macrocytic anaemia ; he pointed out that 
there was a haemolytic group, associated with hyperbilirubimemia, a high reticulocyte 
count, and usually splenic enlargement, possibly of malarial origin. Fairley and 
his co-workers (1938) found the same state of affairs in Macedonia ; Fairley consid- 
ered that there were two forms of tropical macrocytic anaemia, a hemolytic and 
a non-haemolytic. Napier (19396) developed this idea further ; he concluded that 
there was strong evidence in favour of the existence of a hemopoietic principle, 
distinct from the hemopoietic principle absent in pernicious anemia and in no way 
associated with gastric dysfunction, which substance was essential to the proper 
maturation of the red cells ; it was a substance that was not synthesized in the body 
and was not a residue of normal hemolysis, but had to be provided in the food ; 
ffs deficiency might be actual, that is, a true food deficiency, or 'relative, that is, 
due to the extra demands of excessive hemolysis (e.g, of post-malarial reticulo- 
endothelial tissue hypertrophy), or due to mal-absorption in, for example, long- 
continued diarrhoea. . 

These observations of Napier and Fairley and their co-workers have not so 
much introduced a new clinical and pathological syndrome, as they have broadened 
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tlie basis of Wills’ syndrome, so that it includes more than one type of anaemia, 
and they have certainly widened the cetiological possibilities. 


Normal hoematological standards for Indian populations 

One of the first difficulties encountered by anyone attempting to work on 
anaemias in India ten years ago was the complete lack of any normal standards 
for Indian populations, and the primitive state of haematology in India. At this 
time most of the large hospitals in the country depended on the Tallqvist scale for 
the estimation of haemoglobin ; this and the differential count were practically the 
only routine hoematological investigations ever carried out. This lack of precision 
in hoematological methods was not confined to India and the fact that the 100 per 
cent mark in some hcemoglobinometers indicated a haemoglobin content of 13*8 
grammes in 100 c.c. of blood, whereas in others it corresponded to 17*2 grammes 
showed that haematology throughout the world was in a very confused state at 
this time.- 

At one meeting of medical officers that was called in Assam to discuss with 
Dr. Balfour her proposals for investigating the anaemia of pregnancy, a great deal of 
time was spent on discussing whether 60 per cent or 65 per cent should be looked 
upon as the normal for Indian women ; no consideration was given to the scale or 
the method of measurement used, which was of course usually the TallqviBt. 
This is not quoted as a criticism of the medical officers present, but to demonstrate 
the confused thinking that was prevalent at the time. 

At the 7th Research Workers’ Conference, Mehta made a strong plea for the 
collection of hoematological data from normal Indian populations. A very import- 
ant achievement of the investigations under the Indian Research Fund Association 
has been the stimulation of work of this land, much of which has actually been 
done by officers employed by the association. Papers in which the different 
hoematological methods were critically examined were written by Sokliey, Napier, 
and others, and have undoubtedly helped considerably in uniformalizing hoemato- 
logical methods in India. Some of the findings amongst normal populations are 
given here. 

Normal hcemalological data 

In the three tables below some of the important data on hoematological stan- 
dards for Indian populations have been collected. In the United States and in 
Great Britain much work on normal standards has been done ; we- have quoted 
only representative data from reliable authorities*. 

Red cells.— There iB a striking uniformity in the findings. The average count 
for males in Western countries is 5-5 millions, in Indian towns 5-4 millions, and in 
coolie populations 5-3 millions. For females, -the average for Western countries 
is 4-8 millions and for Indian -populations 4*5 millions. 


* These tables trill be found on pages 41, 54 and 67. 
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A series by Basil and Chatterjec (1937) have been excluded as they are so 
grossly at variance with the findings of other workers ; they give, for a series of 
women in Calcutta, 3-6 millions with a mean deviation (sic) of (H9 million. 

Hwinoglobin.—Tlme is less uniformity in the htemoglobin estimations; for 
men the means given range from 14 -5 grammes to 10 grammes in Western countries 
(higher and lower readings are given by other authorities not quoted here) and 
those for men in Indian towns cover about the same range. On the other hand, 
the figures obtained amongst coolie populations are markedly lower (12 to 13 
grammes) and show high coefficients of variation. Similarly .amongst the women 
13-5 grammes is about the average for Western countries and 13 grammes for 
Indian towns, against 10'5 grammes for coolie women. 

Corpuscular values .— This constancy in the red cell counts and deficiency 
in the htemoglobin levels amongst coolies is naturally reflected in the corpuscular 
values, and both the mean corpuscular volume (MCY) and the mean corpuscular 
htemoglobin (MCI!) of the cells of the coolie populations is in each case much lower 
than that of the town dwellers. It will be noted that the MCY of the two 
Cacliar series weie not nearly as low as those of the two Assam series ; it will he 
noted also that the mean corpuscular htemoglobin concentration (MCHC), (which 
is complementary to the MOV, if the MCI! is constant) is exceptionally low in 
the former series. These two interdependent observations enn probably be 
accounted for by the unsatisfactory working of the centrifuge which was noted in 
the report on the Caclmr series. 

Hyperbilirubinemia,— The van den Bergh test was not done in many of the 
‘ normal ’ series ; the assumption was that it would be * negative Vaughan and 
Hazlewood (1938) did this test in a scries of * normal ’ individuals in England 
and obtained the results shown in Table III. Data from Assam coolies are 
also shown:— 


Table III 


Van den Bergh indirect 


Locality 

Number of 
persons 

0’5 mg. or 
less per 
100 o.c. 

Less than 
I’O mg. 
but over 
0-6 

I’O mg* 
or over 

Percentage 
over l'O 
mg. 

Authority 

England . . 

100 

64 

32 

0 

0 

Vaughan and Hazle- 
wood (1938). 

Cacliar 

60 

30 

• 

6 

JO 

Nfipfcr and Mnjumdar 
(1938). 

Assam 

40 

33 

3 

4 

1 

10 

Napier and Bilimoria 
(1937). 


Vaughan and Hazlewood find a distinctly "higher percentage of positives 
an many other English and American observers, but they are not as high 
as those amongst so-called normal individuals in Assam. 
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Reticulocytes . — The normal figure is about 0-5 per cent of the total red cells : 
some writers give a lower figure. From the Indian ‘ normals the following data 
are quoted (Table IV) : — 


Table IV 


Reticulocytes 


Locality 

Material 

* 

Number of j 
persons 

. i 

Percentage 

i 

Standard 

deviation 

Authority 

Calcutta . . 

i 

Men 

j 

CO 

0-07 

± 0-37 

Napier and DaB Gupta 
(19356). 

II • * 

Women 

122 

t 

0-37 

± 0-27 

Napier (1939a). 

Assam 

Men nnd women 

1 

41 

2-17 

± 102 

Napier nnd Das Gupta 
(1935c). 

• ■ 

Pregnant women 

40 

! 

1 2-10 

1 

+ 1-80 

Nnpicr and Bilimoria 
(1937). 


This suggests that the normal reticulocyte count in Indians is.the same as that 
in Europeans, and it seems probable that in the Assam series the high reticulocyte 
count is evidence of disturbed erytliropoiesis. 

Red cell diameters— The only reliable way of learning the mean diameter of 
red cells is by Price- Jones’ method, or some slight modification of it. A few' series 
have been done on normal Indians. Maplestone (Chaudhuri, 1933) found the mean 
diameter of 500 cells o? each of ten healthy Indians to be 7‘270/i. Sankaran and 
Radhakrislina Rao (1938) found a curiously low figure for Madrnssi Indians ; the 
mean of about 500 cells from each of 25 normal Indians, male and female, was 
G-85/a ± 0-28/j, ; there was no significant difference between males and females in 
this series. Napier et al. on the other hand obtained a figure of 7-288/1 ± 0*468 
for 50 Bengal males. Price-Jones’ figure was 7-202/1 ± 0-172/t for 100 healthy 
individuals in England. 

The low figure obtained by Sankaran and Radhakrislina Rao is not explained 
but otherwise there seemed little indication that the measurements differ materially 
from those obtained elsewhere ; Price-Jones’ figure is representative of the European 
findings. The much wider range of variation amongst the so-called normals 
probably indicates that strict normality is less common in Calcutta than in 
London. 

Discussion. — These data all conform to the conclusion that, as far as the red 
cell series is concerned, there is no physiological difference in the blood pictures 
between Europeans in temperate countries and Indians in India, and that differ- 
ences, when they occur, aTe due to some pathological cause ; this cause may be 
anything from a food deficiency to a sub-clinical infection. . In the case of the coolie 
populations, there is in the hmmatological data further evidence to support this 
suggestion, in the high coefficient of variation in the haemoglobin estimations, in 
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the high mean reticulocyte count, and in the hypcrbilirubinn>min that nre commonly 
encountered amongst Assam coolies. 

Tlic question naturally arises as to the reason for this lower level of haemo- 
globin amongst the Assam coolie populations and whether it. can be traced to the 
special conditions prevailing in Assam. The only figures we can quote from our 
data arc those from Shivrajpur coolies; these nre economically comparable, hut 
are employed in a different part of the country. The hiemoglobin means are much 
closer to those of the Assam coolies than to those of the city-dwelling Indians. This 
suggests that the liiemoglobin defuiency is one associated with economic status 
and dietary rather than with the particular local conditions. It has been our 
experience in Calcutta, as well «•» in Assam, that not only has the average 
healthy ryot a lower hemoglobin level, but that, his cells tend to be smaller 
and. though long-continued treatment- with iron will bring Jus red cells up to 
the 5 ■> millions level or even higher and his Mt'Jff! up to do per cent, on account 
of the persistently small size of his red cells his hiemoglobin will not rise to the 
normnl level 

Napier and Das (Jnptu (IlKW) did a small experiment in this connection ; 
they gave a course of iron treatment to six healthy coolies, and only managed 
to raise tlm mean hiemoglobin level from 11*2 grammes to 12*0 grammes. This 
is certainly an experiment- that should be repeated, but the implication of this 
very poor response to iron therapy is that there is some other factor operating 
which keeps down the siije of the red cell and consequently the hiemoglobin 
level. 

It will obviously he easier to answer this question when we have more data. 
We want ‘ normnl ’ data for village populations in different parts of India where 
different conditions prevail. Tin’s is an important, point, for one may safely con- 
clude that there will bo some connection between the general low level of hiemoglobin 
and the incidence of gross nmemin in any population, even if the canso is not exactly 
the same. Meanwhile, any further consideration of this aspect of the problem 
can be postponed until some of the possible causes of the nmemin arc discussed. 


The blood picture in pregnant women 

Diockmann and Wegner (1934) and Bethel (193G) have found that there is a 
progressive increase in blood volume throughout pregnancy. This is not accom- 
panied by a corresponding increase in cells, so that there is a relative decrease in 
the number of cells in a fixed volume of blood — this physiological nmomia amounts 
to about a 14-pcr cent deficiency, i.e. Id per cent below the normal level for non- 
pregnnnt women. In order to make allowances for tho natural variations in 
individual liocmoglobin percentages these writers allow a further margin, and state 
that any- reading below 10 grammes should be considered as indicating ancomia 
mwi 13 ^ P or °ont below Bethel’s mean for non-pregnant women 

( « igtamnes), Translating this into terms of Indian populations, wo get 
about ^9-0 grammes for- town and 7-7 grammes for coolie populations on the 
1-5-gramme and 10-5-gramme basis, respectively. 
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Practically all investigators in India have considered figures mostly well below 
these levels, so there is little chance that any have been dealing with a purely 
physiological anaemia. 

In the only comparative series quoted (Napier and Bilimoria, he. cit.) there is 
no evidence of this physiological anaemia, but there is a possible fallacy here, in 
that, as investigations were being conducted on the anaemia of pregnancy at that 
time, it is probable that the anaemic pregnant women had been combed out from 
the pregnant series much more carefully than the non-pregnant anromics from the 
other control series ; this suggestion is supported by the much higher standard 
deviation in the non-pregnant series. Napier and Das Gupta (19376) found a 
distinctly lower level of hromoglobin amongst pregnant coolies, but noted that when 
the obviously anaemic women had been excluded the mean was much the same 
as amongst non-pregnant * normal ’ women ; they concluded that, whilst evidence 
of a general lowering of the haemoglobin level was absent, there was a much Higher 
percentage of gross anromia amongst the pregnant women. 

Where one is dealing with a much higher percentage of pathological anaemia 
in a population, it is going to be more difficult to recognize the physiological anaemia, 
but it is a point on which further investigation might be carried out. Meanwhile, 
it is reasonable to assume that the factors which produce this physiological anaemia 
in America will also operate in India, though the effect may be disguised. 

Bethel Qoc. dt.) in America found that the size of the cell tended to increase 
throughout pregnancy reaching its maximum about thtf 36tli week when the haemo- 
globin is at its lowest level. He found a mean figure of 86*3 cu.fi for non-pregnant 
women and 92-0 cu./i for pregnant women in the 3rd trimester. The only 
comparable figures in India do not indicate that this occurs here : Napier and 
Bilimoria {loc. cit.) give figures of 77-3 and 72*1 for non-pregnant and pregnant 
women, respectively. These figures are obtained, it will be seen, in a population 
in which there is general microcytosis : it is possible that the change in cell 
volume is an indication of the natural exaggeration during pregnancy of the 
dominant deficiency; in the Assam group this is an iron deficiency. This is ^ 
certainly a point on which further work should be done. 

Gastric acidity . — This has a double association with anromia, in that a low 
gastric acidity has been associated with deficient absorption of iron — though recent 
work (Moore et al., 1937) does not confirm this— and that free acid is completely 
absent in true Addisonian pernicious anromia. Strauss and Castle (1933) pointed 
out that gastric secretion was often depressed in pregnancy and it has been sugges- 
ted that this might be a cause of the iron-deficiency anromia in this state. Bethel 
(loc. cit.) did not find any relationship between gastric secretion and haemoglobin 
.level in pregnant women. 

Wills and Mehta (1930 a) in a series of 25 pregnant anromic women found three 
with achlorhydria, one with hypochlorhydria, and two with hyperehlorhydria : 
the- rest were within normal limits. ' * 

There is no evidence that the gastric acidity curve in Indians differs from 
that of Europeans (Napier and Das .Gupta, ]93Br7; Napier, Chaudhuri and Dai 
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Chaudhuri, 1938 ; Rao, 1937). Napier and Das Gupta (1937a) found, in two series 
of about 40 cases each, the gastric acidity in anaemic coolies slightly lower than that 
of normal Indians. Achlorhydria was relatively uncommon ; it was found in five 
cases of the first series (gruel meal without histamin), and in the second series 
(alcohol test meal) in only one case and in that case at a second examination 
histamin caused secretion of free acid. 

Napier and Majumdar [Joe. cit.) did fractional gastric analyses on 41 anaemic 
pregnant women. The majority (26) were isochlorhydric, six were hypochlorhydric 
and three others achlorhydric (without histamin). Analysed differentially, they 
showed a lower acid level in the group that responded to liver therapy. 

Choudhury and Mangalik (lac. cit.) did a gastric analysis in 18 pregnant 
anaemic cases and found achlorhydria in three and hypochlorliydria in five. 
Mitra (1937) found achlorhydria in one out of six cases tested, and Chatterjee 
(Cliatterjee and Basil, 1939) ‘ a low acid curve ’ in four out of 15 cases. Mudaliar 
and Rao (foe. cif.) provide the only exceptional series and they found four 
cases of achlorhydria (without histamin) and five of hypochlorliydria in ten 
cases tested. 

There is little suggestion in the data here summarized that there is any 
connection between gastric acidity and the anaemia of pregnant women in India. 

Hcematological surveys of the anosmias that occur in Indian populations 

It is very surprising that, although anamiia is probably second only to fever 
in the list of most commonly occurring symptoms in any Indian hospital or dis- 
pensary, no attempt was made to study anaemia per se until a few years ago. This 
makes the task of reviewing this work comparatively easy. We have not combed 
the literature for reports on individual cases, or small groups of cases, such as that 
of Mackie (1929) who read a paper at a meeting of a Medical Society in 1907 on 
* malignant anaemia of the tropics ’ ; the paper nearly suffered the fate of the majority 
of papers read at medical meetings in India and would have been forgotten had 
its author not found a copy of the typescript and published a r6sum6 of it in 1929. 
But we found no studies of a larger series of anaemic patients in which any attempt 
had been made at haematological or setiological classification. This is not altogether 
surprising in view of the backward state of hiematology, in India in particular and 
in the world in general, to which reference has already been made. 

Ancemia amongst the general population. — As a preliminary measure to studying 
the anaemia of pregnancy in the same population, Napier and Das Gupta (1937fl) 
investigated the ansemia amongst the general coolie population of a group of tea 
estates in Assam. Blood examinations before and after treatment were carried 
out iu 100 cases of severe anaemia ; these investigations were carried out during 
two successive cold weathers and the two series are analysed separately. In the 
first series there were 58 coolies, men and women ; as the cell volume estimations 
were not considered satisfactory, the cases were classified according to the haemo- 
globin content of the cells, i.e. the MCH. The vast majority were markedly hypo- 
chromic ; in 53 cases the MCH was below 28‘5yy, the mean of the city-dwelling 
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Indian * normals ’, and 45 were below 22yy, the mean of tlie ' normal ' coolie. Two 
cases only, with MCfT’s of 33yy, might be considered to be hyperchromic. The 
cases were arbitrarily divided into two groups, definitely hypochromic, i.e. below 
20yy, and orthochromic, above 20yy. 

After analysing the data, clinical and pathological, in these two groups 
separately, the miters concluded that it was doubtful if they could be considered 
as two separate hamratological groups, though the orthochromic group showed a 
special tendency to hyperbilirubincemia, with which splenic enlargement was corre- 
lated, and achlorhydria, and did not respond so well to treatment with anthelmin- 
tics and iron. There were more females in the orthochromic group. 

The second series was even more markedly hypochromic; there were only 
two cases above 22yy. The MCV is also reported in this series ; two cases would 
be considered macrocytic judged by some standards, being above 100 cu p, but the 
mean of the series was 69-7 cu./x and the large majority were below 80 cu./*. They 
were therefore not divided, but considered as one group. In this investigation 
emphasis was laid on treatment and frequent blood examinations were done through- 
out the course of treatment. Also an attempt was made to gauge the effect of 
slightly different procedures, including a dietetic experiment. 

Eight coolies were kept on a well-balanced (relatively) high-calorie diet for 
four weeks ; there was no improvement in the haemoglobin level but there was 
improvement in the clinical picture, including loss of oedema. They were then 
given large doses of iron (27 grains of ferrous sulphate daily) for three weeks 
and in four weeks the mean haemoglobin of the group had risen from 4 to 10 
grammes. In the whole series of 41 cases (the 42nd patient absconded), 39 showed 
definite improvement on iron administration. Though diet per sc had no effect 
on the anaemia, the groups in which the diet was most satisfactory showed the 
bc3t response to the iron treatment. However, in very few cases did the 
haemoglobin level improve beyond the level which had been found to be 
* normal ’ in this coolie population. 

It appears to have been shown beyond dispute that the dominant defect, as 
far as the hsemopoietic system is concerned, in this community is a hypochromic 
microcytic iron-deficiency anaemia. The cause of this anaemia is not so definite ; 
a hundred per cent of the coolies had a hookworm infection, most of them a heavy 
infection, but no correlation between the hookworm load and the level of luemo- 
globin can be shown. The diet of the coolie is low in iron, but it is uncertain if 
it is actually deficient ; this point will be discussed later. In the absence of any 
gastric-acid deficiency, which might have led to mal-absorption, it is reasonable 
to conclude that this anannia is due to the continual drain, by blood loss through 
hookworm infection, on the iron reserves in a population on low, if not actually 
deficient, non intake. Macdonald (1939) questions this conclusion because of 
the lack of correlation between the hookworm load and the degree of the 
anaemia. But the cent-per-cent hookworm infection cannot be denied, the 
methods of estimating hookworm load are open to considerable error, and finally, 
it is only claimed that it is one of the factors concerned. 
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The -writers (Napier and Das Gupta, 1937a) considered that there was evidence 
of some other limiting factor which prevents the blood cell returning to its normal 
size, as in this series the red cells increased to their normal number and the hemo- 
globin concentration in each cell, the MCI1C, reached the normal level, but, on 
account of the small size of the cell, it could not contain its full complement of 
haemoglobin, so that the MCH and the haemoglobin per cent only reached the lower, 
so-called normal, levels of this coolie population ; this limiting factor is thus 
operating not only in the frankly anaemic coolies but in the whole population. 

It will be apparent that in this population the anaemia of any particular group, 
such as the anaemia of pregnant women, must he considered against this back- 
ground of widespread hypochromic microcytic anaemia and of a general lower level 
of cell size and haemoglobin in the whole population. It must also be clear that 
unless this is done a very wrong impression might he obtained of the nature 
of such anaemia. No other similar surveys of anaemia amongst the general 
population in other areas have been reported. 


The material for such an analysis with reference to the hospital out-patient 
population in Calcutta is available, and this analysis will be made. This is 
certainly a line of work that might well be undertaken in a number of places, 
but, as in the case of other survey work, when once a lead has been given, it 
should not be considered as a legitimate change on funds ear-marked for research. 
It is a suitable line of work for medical units at colleges or universities. 

Anannia amongst pregnant women . — Balfour (1927a) collected hrematological 
data in 25 cases of her series. There arc no details as to how these cases were selec- 
ted. She gives the means only of the 25 observations, so that one has no idea of 
their distribution, but. as she gives 1-4 as the mean colour index, one may assume 
that the majority were cases of hypercliromic antenna. McSwiney ( he . cit.) makes 
no attempt to analyse his data, but from his case notes it is apparent that there 
are both hyperchromic and hypochromic cases in his series. 


Wills and Mehta (1930a) vitiate their series, as a series, by the exclusion of 
16 of their original 66 cases on the grounds that they were suffering from malaria, 
hookworm infection, syphilis, or definite nephritis ; they have classed the remainder 
as idiopathic \ Both the propriety and the possibility of excluding such cases 
is questioned. The essential difference between the study and the treatment of a 
case m a sanitarily advanced country on the one hand and in a sanitarily backward 
country, such as India, on the other is that in the latter one has always to make 
one s study against a background of widespread infections, such as malaria and 
hookworm, and of malnutrition, both general and special. So in an attempt 
to trace the etiological factor or factors, of a clinical syndrome, one cannot 
say his infection, or this food deficiency, is common to almost the whole popula- 
tion, wiiereas the syndrome occurs only in a few, therefore we can dismiss it as a 
possi e setiological factor ’. Each infection and each food deficiency must be 
ere possible contributing factors whose interactions may produce the 
or without the addition of some metabolic toxaemia, and/or of 
p ysiological stress, such as pregnancy. It would, for example, in the 
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case of pregnancy anaemia, be absurd to exclude all cases showing ankylostome 
infections, for in the Assam series this infection occurred in every case almost 
without exception. Similarly, every woman (in this series) has had malaria at some 
time during her life, usually both recently and frequently. Further, the possibility 
of excluding all cases in which the malaria causes the anaemia is doubted, because 
a single blood examination is not sufficient to exclude even present infections and 
it is frequent past infections that are as likely to produce anaemia. 

Wills and Mehta class their remaining 50 cases as ‘ idiopathic ’ and consider 
them as a single group. From a haematological point of view they are not, however, 
a homogeneous group ; the colour indices in the 50 cases vary from 0-7 to 1*8 ; 
in 15 it is below 1, in nine from 1 to 1*09 and in 26 cases above this, but in only 
nine is the colour index 1-40 or more. 

Mudaliar and Rao (foe. oit.) also treated their cases as a single group. The 
colour indices suggest that they are not ; of 32 cases seven were below 1*0, 14 between 
1 and 1-09, and 11 were above this, of which only one was above 1-30. These last 
workers failed to obtain the same results with Marmite in the treatment of 
pregnancy anaemia that Wills had reported. This is not surprising, as it is obvious 
that there are fewer truly hypercliromic cases in their series. 

Whilst it is reasonable to assume that all anaemias in pregnancy have not the 
same aetiology, it is difficult to decide how the cases should be divided up. Wills 
and Mehta’s procedure of excluding all cases in which certain other infections are 
evident is an attempt to group cases, but is unsatisfactory for the reasons given 
above. Mitra (1937) however developed this idea ; by a more elaborate process of 
selection he excluded 103 of his 165 cases, leaving 62 idiopathic cases. Nothing 
in his subsequent analysis of these groups seems to justify this division, except 
possibly the lower mortality in the * idiopathic ’ group. In view of the hema- 
tological finding s this writer reports (e.g. 52 macrocytic cases of which 30 were 
hypochromic ! ) hiB choice of a clinical classification was wise, and, though the result 
was a negative one, as such, it has some value. 

Gupta (foe. cit.) classified his cases according to severity, using the red cell count 
as his criterion— -below one million, between one and two millions, etc. There 
are obvious limitations to such a classification, though it may be usefully adopted 
for primary grouping when there are large numbers of cases. 

The majority of workers in India have adopted some haematological classifica- 
tion, either according to the size or the haemoglobin content of the cell, or both. This 
method is criticized by Chatterjee and Basu (1938) who claim that during the devel- 
opment of this anaemia the size of the red cell goes through a regular cycle of stages ; 
commencing as normocytic the anaemia becomes microcytic, then if the case deteri- 
orates it passes through a normocytic hyperchromic stage and becomes macro- 
cytic, or conversely if it improves it changes back to normocytic. To explain these 
strange blood findings they invent a pathological cycle in the bone marrow in which 
there are successive stages of regeneration, compensation and bone marrow failure. 
They give examples of cases in which these changes are said to have occurred ; the 
meagre data only show that in the particular, cases-^rrors of technique being 
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excepted— the blood picture changes from one phase to the next-, but proof that a 
regular cycle occurs in any number of cases is entirely lacking. 

The same idea of cyclical changes in the red cells has been entertained by Hare 
(1939) who considers that there is evidence that the size and the haemoglobin con- 
tent of the red cells change according to the stage of the pregnancy. He cites six- 
cases in which the cell size tended to decrease between the 28th and the 30th week, 
increasing again towards the end of pregnancy or post partum. He points out 
that the 28th to 36th week is the period of maximum growth of the foetus. It is 
interesting that he shows the exact reverse of the course of events that Bethel 
(vide supra) reports in normal pregnancy ; Bethel showed tljat the size of the cell 
tended to increase throughout the second half of pregnancy reaching its maximum 
about the 36th week after which it tended to decrease again. Hare’s observation, 
if the changes in these six cases can be accepted as the usual change in the 
population with which he is dealing, supports the suggestion already made above 
that a dominant deficiency is exaggerated at this stage of pregnancy by the 
demands of tiic foetus. 


Napier and Bilimoria (/or. ci/.). working amongst the snmc population in which 
Napier and Das Gupta (1937«) had made a survey of the anaemias of the general 
population (vide supra), divided the cases into groups according to their MCH and 
haemoglobin level. Comparing these two groupings, the non-prcgnnnt and the 
pregnant, it is clear that in the latter series some new factor comes into operation. 
The hypochromic anaemias are still in the majority, but there is a hypcrchromic 
group, which has been subdivided into two groups according to the severity of 
anaemia. The less amende group, the writers have suggested, might be considered 
as physiological ; this is in keeping with the suggestions made above in which the 
arbitrary figure of 1'1 grammes, based on Dieckmann and Wegner’s (lac. cit.) obser- 
vations, was chosen for coolie populations, and with Bethel’s (foe. «'/.) observations 
regarding the increase in size of the cell during pregnancy. Amongst the other 
points that arose in this analysis was the fact that the hypochromic cases tended 
to come under observation at an earlier stage in the pregnancy than the hyper- 
chromic cases who practically all reported first in the last trimester ; the suggestion 
is that m the latter group the anremia was precipitated or aggravated by the preg- 
nancy, whereas in the other the pregnancy was an incident in the course of the 
anasmia. The significantly Higher incidence of splenic enlargement in the hyper- 
c romic group has already been referred to, and there was also a ‘ very significant ’ 
preponderance of hyperbilirubinemia in the hypercliromic groups, as compared 
with the ^hypochromic group ; in fact, 10 out of 18 of the former group showed a 
positive indirect van den Bergli reaction, against less than half of the latter. In 
is senes iere is a strong association between bookworm infection and the hypo- 
controls ^ r ° U ^’ aofc between hookworm infection and the other groups or the 


InvestmatLwfti r ^ U ? <iar ' vere workin g in another district in Assam, 

was of much fch g8t normal coolies had shown that the normal blood picture 

a* cell S emTto”S hZ (iS" '“""V' 1 ^ ‘’“’"f 

larger. (Ihis was to some extent explained by the 
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inadequacy of the electric current in this district leading to incomplete * packing ’ 
in the cell volume estimations.) No survey of the aivemias of the general popula- 
tion was undertaken here. Hookivorm infection was almost a hundred per cent 
'in incidence, but the infections were not so intense as in the' other area ; on the other 
hand this was a more malarious district. 

The first classification of the cases was, as before, according to the hannoglobin 
content of the cells jViCII, but, ns there was a central hospital in this district, it was 
possible to follow the results of treatment and later a re-classification of the cases 
was made according to the effect of treatment, into an iron-responding group and a 
liver-Marmite-responding group. In tin's series the initial haemoglobin level was in 
no case above 7-7 grammes (vide sit pm). As there were few truly hyperchromic cases 
in this series, the cases were put into two groups with the dividing line at 22yy ; 
this divided them into two almost equal groups. Thus, the mean MCJH of this 
series was slightly but distinctly higher than that of the previous series if only the 
definitely anannic cases are considered. In the re-classification little change was 
effected ; deaths and failures were excluded and three borderline cases on either 
side were changed over, otherwise the hypochromic cases became the iron- 
responding and the orthochromic-hypercliromic the liver-Marmite-responding group. 
Analysis of the rest of the data according to the two groups showed the high 
correlation between enlarged spleen and response to liver or Mar mite treatment, 
which has already been referred to, and a very much higher incidence of 
hyperbilirubinemia in this same group ; thus, there was a positive van den Bergh 
in 10 per cent of the controls, in 25 per cent of the iron group and in 53 per cent 
of the livcr-Marmite group. There was on the other hand no difference in the 
hookworm infection between the two groups and a very slightly greater tendency 
towards a low acidity in the liver-Marmitc group. 

Sternal punctures were done in a number of cases ; the majority showed a 
normoblastic hyperplasia, and in no case was there the typical megaloblastic hyper- 
plasia that one sees in pernicious ansemia, but in a few cases there were a few 
megaloblasts and a high percentage of erythroblasts. 

A point that was brought out in this investigation was the depressing effect 
of the foetus in the later stages of pregnancy on the haemopoietic response to 
treatment; this was more noticeable in the liver-Marmitc group. When the 
treatment was given early in pregnancy or after parturition response was 
usually immediate, but when it was given in the last months of pregnancy 
there was often a slight reticulocyte response, indicating some specific action, 
with a very slight upward movement of the haemoglobin curve or only maintenance 
of the previous level, until after parturition when there was an immediate 
sharp rise. 

An attempt was made in the first of these inquiries to ascertain the diet of the 
individual patients, but the method was not found satisfactory, and it was decided 
that more information could be obtained by dietary surveys amongst the popula- 
tion from which they came. A survey was subsequently carried out in each of 
the two areas in which these lisematological investigations have been carried out. 
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One of these surveys was reported by Wilson and Mitra (1938). The two surveys 
produced materially the same results : — 

The total calories were only a little below the standard usually considered- 
necessary for Indian workers, but were mainly derived from carbohydrates : the 
total protein intake was low and the animal protein almost a negligible figure. Total 
fat was also very low, below 12 grammes, and most of it was of vegetable origin. 
Of the minerals, calcium was exceptionally low, being only about one-sixth of the 
usual requirements ; the figure for iron was low, though adequate if it was all in 
available form, but there was some doubt on this point. Of the vitamins, the 
intakes of A and B complex were low, though apparently not actually deficient 
judged on most standards, but the vitamin-C intake was very low and, ns this was 
mainly derived from vegetables that were cooked, saturation with this vitamin was 
improbable. 

Mitra (1939) re-examined the question of iron intake in the light of later 
work on the availability of iron and concluded that these people were living on a 
deficient iron intake. This question of the availability of iron is, however, a 
controversial one, and whilst it is not possible to accept Mitra’s conclusions, it is 
apparent that people of the poorer classes whose main diet is rice are living on 
a low available iron intake and that the more this rice is milled the lower will 
be this intake. 


Macdonald (foe. c it.), in a separate investigation amongst the same population 
in which the first of these two inquiries was carried out, found a * very signi- 
ficantly ’ lower haemoglobin level amongst coolies living on milled rice as 
compared with those taking home-pounded rice. 

Choudhury and Mangalik (foe. cit.) divided their cases into' three groups : 
macrocytic (MCV over 90 cu.^ and over 29yy), microcytic (below these figures), 
and mixed (MCV above 90 cu,^ and MCIT below 29yy). There were 27 
macrocytic, six microcytic, and eight mixed cases. The indirect van den Bergh 
was positive in 74*1 per cent of the macrocytic group and in 28*6 per cent of 
the rest. The MCHO was below 30 per cent in all the hypochromic and mixed 
cases, and above this in nearly all the macrocytic cases. The high percentage 
of splenic enlargement in the macrocytic group and its absence in the other ■ 
has already been referred to. 

Conclusion. The two hsematological surveys in Assam appear to show that, 
superimposed on. the hypochromic anaemia of the general population, there is hyper- 
chromic anaemia which is associated with the later months of pregnancy. There 
is also evidence of the association of malaria with the hyperchromic anaemia. As 
the whole population lives on an ill-balanced diet deficient in a number of elements 
it seems probable that the hypochromic anaemia can be accounted for by the low 
intake of available iron and the widespread hookworm infection. Whilst a poor 
ict and .malaria infection are common to the whole community, there is little evi- 
.i ^, CC , }yT erc hromic anaemia in the general- population: it is possible however 
iron **ndency hyperchroinio anfflmia may b„ disguised by the marked 

ueu deficiency (tta one knows from experience dots occur), only to be brought 
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out as a frank anosmia by the extra demands of pregnancy, or by o toxaemia of preg- 
nancy, which may be a conditioned toxaemia, in that it would not occur in a person 
protected by an adequate diet. 

These two surveys have also emphasized the importance of knowing the back- 
ground against which a disease is being studied. When Balfour first went to Assam 
to start these investigations she obtained a number of blood films from cases of 
pregnancy anoemia and sent them to Wills who \yas working in Bombay. Wills 
was naturally cautious in arriving at any conclusion from such inadequate 
material, but she expressed considerable doubts as to whether the same problem 
existed in Assam as in Bombay, because most of the slides showed a definitely 
microcytic picture. She was quite right in expressing thiB opinion on the 
evidence she had before her, but the data here presented suggests that there is a 
macrocytic anaemia in Assam associated with pregnancy, and it is probably the 
same syndrome as is found in Bombay. 

The hannatological picture in the Agra cases (Choudhury and Mangalik, loc. cit.) 
is entirely different; here we have a predominantly macrocytic hyperchromic 
anaemia, apparently undisguised by any hypochromic tendency in the general 
population ; it is unfortunate that there has been no survey of the anaemia in this 
population to compare it with. The association of malaria is again suggested by 
the high incidence of splenic enlargement and hyperbilirubinsemia. 

This importance of such surveys in different localities where different oetiological 
factors prevail must also be apparent. From the inquiry which was recently carried 
out in Calcutta under Neal Edwards and Napier, similar data will be available when 
the analysis of the records is complete, but from other places in India, particularly 
rural districts, practically no information is available. 

Summary and conclusions 

1. There are good reasons for believing that a high maternal mortality is the 
rule throughout India. Special investigations have provided figures from 16-6 
to the appalling, and probably exceptional, figure of 138 maternal deaths per 
1,000 live births, compared with 3-16 per cent in the whole of England and Wales 
in 1937. 

2. Anaemia occupies a high place in the lists of causes of maternal morbidity 
and mortality in this country ; in many places it is second and in some it is first, 
and, as a contributory cause of death, it is probably even more important than 
these lists indicate.- 

3. As. in many Western countries anosmia is a negligible canse of maternal 
mortality, it is obvious that there are special conditions prevalent in India which 
do not exist, or which exist to a much less extent, in these other countries. 

4. The incidence of this anoemia appears to be highest in the second half of 
the year, even after allowance is made for the greater number .of pregnancies at 
this time. The anoemia usually first attracts medical Attention in the third 
trimester, and the incidence is apparently slightly .higher 'amongst primiparoo. 
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5. CEdcma occurs in nearly all cases of pregnancy artemia, and fever in more 
than half ; albumin is found in the urine in 25 to 50 per cent of cases, and diarrhoea 
occurs in a similar percentage. A relatively high incidence of splenic enlargement 
is reported by most ■workers, particularly amongst macrocytic cases, and some have 
noted a higher incidence of Wassermann-positive cases than occurs amongst the 
general population. 

6. It has been shown that the blood picture of the normal healthy city-dwelling 
Indian living on a good mixed diet conforms closely to the standards that are based 
on observations made amongst Europeans in Europe and America, but, on the other 
hand, that in rural populations and in Indians of the lower economic strata, the 
haemoglobin level of the whole population may be much lower than the above-men- 
tioned standards and there may be other evidence in the blood picture of dys-hsemo- 
poiesis ; whilst these observations apply also to the so-called normal individuals, 
there are in the latter populations a large number who show definite clinical signs of 
anaemia. 

7. With rare exceptions, the {etiological factors, in so far as they have been 
identified, that produce clinical anmmia, whilst they exert their greatest effect in 
the case of the frankly anaemic individual, also affect the individuals of the general 
population to a greater or lesser extent, and it seems reasonable to assume that 
these are the factors mainly responsible for producing the state of dys-haemopoiesis 
widespread in these particular populations. 

8. It has been shown that amongst the general populations in places where 
the anaemia has been studied there are three types of anaemia that are very common. 
These are: — 

(a) A microcytic hypochromic iron-deficiency anaemia due to living on a diet 
actually deficient in available iron, or to continuous loss of blood, 
usually from hookworm infection, in people living on a diet low in 
available iron. 

(f») A macrocytic liyperchromic anaemia due to a deficiency in the diet of 
some substance that is present in autolysed yeast and in crude liver 
extracts, which anaemia is distinguishable from pernicious anaemia 
by the presence of free acid in the gastric secretions, the absence of . 
neurological symptoms, a negative van den Bergh (indirect) test, and 
the absence of typical response to purified liver extracts (Anahaemin). 

(c) A second type ot macrocytic liyperchromic anaemia, distinguishable 
from the other type by evidence of increased haemolysis — namely, 
hyperhiliruhinaeirua (a positive van den Bergh reaction) and a high 
reticulocyte percentage— and usually splenomegaly, which is probably 
associated with chronic malaria and some degree of dietary deficiency. 

9. It is generally recognized that there is normally in the later months of 
pregnancy an anaemia, which may be a purely physiological anaemia, or due to a 
relative dietary (? protein) deficiency and which is common in many communities 
in other countries ; with this anaemia is associated an increase in the mean corpus- 
cular volume of the red cells. 
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10. The incidence of anosmia, in pregnancy in India appears to be correlated 
with that of the anosmia in the general population, but in pregnancy the incidence 
is higher and the condition assumes greater importance. 

11. In pregnancy the anaemia shows a more marked macrocytic tendency 
than the anosmia in the general population, though in some localities this is almost 
completely disguised by the associated iron deficiency (or other microcytic ansemia- 
producing factor). 

12. Amcmia in pregnancy is amenable to suitable treatment in the early 
months of pregnancy, and in some cases in the later months but in the majority 
of these it is not possible to stop or slow down the deterioration of the blood picture 
until after parturition, when an immediate and rapid improvement commences 
in practically all except those cases complicated by sepsis. This sudden and rapid 
improvement is comparable to the sharp rise in haemoglobin that occurs in certain 
cases of malaria when the infection is controlled by efficient treatment ; this suggests 
that the inhibitory factor is of the nature of a toxaemia associated with the actual 
presence of the foetus. 

13. The evidence so far collected appears to point to the fact that anaemia 
in pregnancy is due to a combination of the retiological factors that produce anajmia 
in the general population with some factor associated with pregnancy itself and the 
presence of the foetus. 

Some of the common aetiological factors are known, probably others are still 
to be discovered : of those that are known, the most important are hookworm 
infection and a low available iron intake, as the cause of microcytic anajmia, and 
specific and general dietary deficiency (e.g. absence of the specific factor that occurs 
in autolysed yeast and of biologically-valuable protein), nlone or in combination with 
chronic malarial infection, with its associated splenomegaly, rcticulo-endothelial 
proliferation, and increased blood destruction, as the causes of macrocytic anajmia. 

These factors, together with the specific pregnancy factor, vary in their in- 
fluence in different populations that have been investigated and in different individ- 
uals, and produce a variety of blood pictures microcytic and hypochromic, macro- 
cytic and hyperchromic, and, where two opposing influences are acting more-or-less 
equally in the same individual, normocytic and hypochromic, macrocytic or nonno- 
cytic and ortliochromic, or rarely some other combination. 

The effect of pregnancy itself, it has been suggested, is solely in the extra 
demands of that inexorable parasite, the foetus, of some essential food substance ■ 
this suggestion is supported by the fact that in the shb-clinical anajmia of pregnancy 
the peak of the blood dyscrasia is correlated with the period of maximum growth 
of the foetus. There is, however, in the writer’s opinion, evidence, in addition, of 
some toxaemia associated with the actual presence of the foetus, which inhibits 
htemopoietic response in severe forms of anajmia when in the later months of 
pregnancy the deficient substances are administered even in full doses, although, 
after the uterus has been emptied, there is an immediate maximal response ; the 
toxaemia is probably a ‘ conditioned toxsomia ’ which only operates when there is 
an associated specific food deficiency, either absolute' or relative. 
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PART II 

H/EMATOLOGICAL TECHNIQUE 

1 

The collection of the blood sample 

The first essential is that one constant practice should be decided upon and 
followed. There is a difference between capillary, which for all practical purposes 
is arterial, and venous blood, but the difference is only of practical importance if 
two samples from the same individuals at different times are to be compared, or 
when normal standards are being worked out. 

As there are very distinct advantages in the use of venouB rather than capillary 
blood, the former is preferred. 

The advantages are that all the examinations, e.g. the estimation of haemo- 
globin, the determination of cell volume, the total red and white cell counts, the 
reticulocyte count, the differential white cell count, the measuring of the red cell 
diameters, the icterus index, the van den Bergh reaction, the fragility test, the 
erythrocyte sedimentation test, etc., can all be done from a single sample of blood 
obtained by a single puncture. Further, the tests can be repeated by the same 
or by different workers from the same sample of blood. 

For some of the tests, the van den Bergh test for example, blood will have to be 
taken from the vein, so that sufficient might as well be taken at one time for all the 
tests and the patient saved a number of additional pricks. In weak and anaemic 
individuals, it is sometimes difficult to draw enough blood from a finger or ear lobe 
without squeezing the part, and thereby diluting the blood with the tissue fluid. 

The following rules should be observed when using venous blood : — 

(а) The syringe should be air-tight and perfectly dry. The syringe is 

conveniently dried by first washing it thoroughly in clean water, 
removing the water with alcohol, removing the alcohol with ether, and 
finally drawing air through it. If there is even a trace of water 
or alcohol, there will be haemolysis of the blood, and this will make 
it unsuitable for examination. 

(б) The tourniquet should not be kept tied for more than 2 minutes when 

drawing the blood from the vein, as the red cell count begins to 
increase after 3 minutes’ stasis. 

(c) The needle of the syringe should be removed before the- blood is put into 
the flask, as haemolysis may result if the blood is forced through the 
needle. 


( 35 ) 
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(i) The flask should always be kept closed with a rubber coik ; cotton-wool 
should never be used. The flask should be shaken at once vigorously, 
to ensure complete solution of the oxalate powder. 

(e) The flask must be kept corked when not in use, and in a cool receptacle 

during r the summer. 

(f) The blood should always be mixed thoroughly for at least 3 minutes, 

preferably in a shaking machine, before any sample is withdrawn 
from it. The blood should always be taken directly from the flask 
and not from blood poured out on to a slide or watch-glass. 

Time for collection of blood.— When repeated examination iB required, blood 
should always be collected at the same hour under basal conditions in the morning. 
Even for a single examinatipn it is preferable to collect the blood in the morning 
under basal conditions ; this precaution will minimize the effect of the fluctuations 
in the total and differential count due to muscular and other physiological 
activities. 

Procedure . — The blood is drawn from one of the prominent superficial veins 
at the bend of the elbow in a perfectly dry air-tight syringe. 

First of all, without detaching the needle, small drops of blood are put on 
clean glass slides, and smears for the differential leucocyte count and red cell 
diametei measurements should be made* ; then the needle is detached and a 
measured amount of blood is transferred to a small 25 c.cm. Erlenmeyer flask 
containing the requisite amount of anti-coagulant for the quantity of blood to 
be taken. 


_ Anti-coagulant ,' — Two milligrammes of dry oxalate powder is required for each 
cubic centimetre of blood. A mixture of potassium and ammonium oxalate powder 
m tLe proportion of 2 to 3 has been found to be ideal, as, in' the above proportion, 
the. shrinkage caused by potassium oxalate is counteracted by ammonium oxalate 
(Wintrobe and Landsberg, 1935). To measure the requisite amount of the oxalate 
powders make a 1 per cent solution of the two oxalate powders, ammonium and 
potassium; accurately measure with a pipette 0‘4 c.cm. of the potassium salt and 
0 6 c.cm. of the ammonium salt, and put them into the flask ; evaporate in a dry ■ 
oven, after which the oxalate will be found at the bottom of tbe flask in a powdered 
s a e , this is the amount required for 5 c.cm. of blood ; for 3 c.cm. the proportions 
vi I be 0-24 c.cm. potassium and 0*36 c.cm. ammonium salt. The flasks are now 
kept corked and are ready for use. 


It is a good practice to have, two sets of flasks prepared containing enough 
anti-coagulant for 5 c.cm. and 3 c.cm., respectively. 

u? Tlf 8 a . lone is used > 2 milligrammes are required for each cubic 
f , f 0 W°wl, that 16j jo milligrammes or 1 c.cm. of 1 per cent solution 

bo * r A Cm ‘ ° f b ood ’ aEd in this case Wintrobe’s correcting factor X 1 '09 must 
be applied to compensate for shrinkage. 

smear*. a ' )0Ye CRn be done from the oxalated sample, but it is better to mako separate 
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Time limits . — Osgood and others (1931) give the following time limits for 
different examinations : — 

Hemoglobin estimation, red cell count, white cell count, and reticulocyte 
count — 24 hours. 

Icterus index and van den Bergh test— 2 hours. 

Cell volume, fragility test, and sedimentation rate— 3 hours. 

Making smears for differential count — 1 hour. 


2 

Estimation of haemoglobin 

To estimate the amount of hemoglobin in any sample of blood advantage is 
taken of certain properties of hemoglobin. Of these the most important is its 
oxygen-carrying capacity. A fixed amount of hemoglobin will always combine 
with the same amount of oxygen, actually 1 gramme, of hemoglobin with 1 *34 c.cm. 
of oxygen : the amount of oxygen that will combine with a sample of blood can be 
measured accurately and the hemoglobin content of the sample thus estimated. 

Another property is its iron content. Hemoglobin has a known molecular 
formula in which there is one atom of iron, so that by estimating the amount of 
iron in the red cells from a given volume of blood it is possible to calculate the 
amount of hemoglobin in the sample. 

Hemoglobin is a protein with a known refractometric index. By measuring 
this index it is possible to calculate the amount of hemoglobin in any sample. 

Yet another property of hemoglobin is its colour and this can be measured 
in the various -ways indicated below. 

Whilst the property of hemoglobin easiest to measure is its colour, the most 
fundamentally important property is its oxygen-carrying capacity. There is 
evidence that these two properties are very closely correlated, so that if an instru- 
ment which measures the colour is first calibrated by the oxygen-carrying method 
a very close approximation of the haemoglobin content of a sample can be obtained 
by the former method. 

Most clinical htemoglobinometers that are now sold are thus calibrated. 

Clinical methods of estimating hcemoglobin . — Of the many methods of estimating 
haemoglobin that are in use, none of the simpler methods is- above criticism, while 
the more accurate procedures, e.g. van Slyke’s oxygen-carrying-capacity method, 
are hardly suitable for general clinical practice. Most of the clinical procedures in 
common use are methods of measuring the colour of the hromoglobin and are based 
on one or other of the following principles : — 

I. Direct comparison of the colour of undiluted blood against a graduated 
colour standard. 

(a) On special blotting paper (Tallqvist). 

(b) Between glass plates (Dare). 
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II. Comparison of blood diluted to a fixed percentage against a graduated 
colour standard. 

(a) Diluted until sodium carbonate solution and compared with a coloured 

glass wedge (Fleischl-Miesekcr). 

(b) Diluted with deci-normal hydrochloric acid and compared with coloured 

glass wedge (Hellige-Neoplan). 

III. Comparison of blood diluted to a vurying degree with a fixed colour 
standard. 


(a) Diluted with water and compared with a permanent picrocnrmine 

standard (Gowers). 

(b) Brought into contact with carbon monoxide, diluted with water, and 

compared with a permanent colour standard (Haldane). 

Diluted with deci-normal hydrochloric acid and compared with a perma- 
nent standard of acid hramatin (Sahli), or a coloured glass block 
(Hellige). 

IV . Comparison of blood diluted with deci-normal hydrochloric acid to a fixed 
percentage against a fixed colour standard in a colorimeter of the Duboscq type. 

(а) Water placed in one chamber of the colorimeter and a standard coloured 

disc interposed (Newcomer). 

(б) Comparison with an acid hmmatin solution of known strength. 

Other methods which require more elaborate instruments depend on the 
intensity rather than the colour of the light transmitted through haemoglobin 
solutions ; this is measured by means of a photo-electric cell. 


In the writers’ laboratory the new' Hellige ‘ normal liaemometer ' is used for all 
clinical purposes. The great advantage in the Hellige instrument is that it is 
possible to match the brown-coloured acidulated blood solution with the colour 
standard exactly, and, as the standard is made of coloured glasB, it is unlikely to 
undergo any colour change ; one coloured prism which has been in use in our labora- 
ory for more than four years has not undergone any colour change during this 
period. Error, excluding those of carelessness in technique, using dirty pipettes, 
e ., may arise through variations in the diluting pipettes and in the calibres of 
,.. e g ra duated tubes. The method suffers the disadvantage that with each 
ution only one reading can be made — a second observer can check the reading, 
out not make an independent one— and that a time interval of 15 to 20 minutes 
must be allowed before reading the result. 

Methods of expressing the results .— The amount of hemoglobin in an individual’s 
blood may be expressed— 6 


cental If*?® nUmb f of per 100 c.cm. of blood, or (it) as the per- 

entage of the amount present in the blood of the ‘ normal ’ individual. 

as to wlt- d r. Qtage mefc bod is that there is no uniformity of opinion 

writers Uy tom°m to*?? ISgBi ? ** ' normal ’ by 

/ m 16 ts to 17 3 grammes, and in our personal experience we have 
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found gmongst groups of so-called healthy coolies in Assam a figure lower than 
the former, and amongst healthy Europeans in India one higher than the latter. 
If the expression 5 100 per cent hemoglobin ’ has any meaning at all, it must imply 
that the particular sample is what one would expect from that individual if he were 
in perfect health. This would mean that a different standard would have to he 
adopted for each class of individual, a procedure which would lead to endless confu- 
sion. It is therefore better to abnudon the second method, namely, that of giving 
the liajmoglobin in terms of a percentage of an unknown and arbitrary standard, 
and to adopt the first and express results in terms of grammes of dry haemoglobin 
per 100 c.cm. of blood. 

Instrument makers, who have hitherto made no attempt to adopt a universal 
standard, and hfematologists, who have not encouraged them to do so, are both 
responsible for the present unsatisfactory state of affairs. 

' The confusion that exists cannot be better exemplified than by the table (I) 
below which shows that not only are there differences in the standard between 
instruments of various makes, but instruments of the same name made at different 
times vary from one another, and finally various authorities give different figures 
for apparently the same instruments. 

Table I 


Amounts of hwmoglobin per 100 c.cm. of blood which arc shown as 100 per 
cent by different instruments 


Authority 

Tnllqvist 

Snhli 

Daro 

Now- 

comer 

Haldano 

1 

FJoisohi- 

Micsohor 

Pepper and Farley, 
1933. 

13-8 

17-3 

1 

13-77 (old) 

16'9 (new) 

• • 

1 

13-8 

16-8 

Nicholson, 1934 

15-8 

17-2 (old) 

14 '5 (now) 

13-8 

10-9 


•• 

Whitby and Britton, 
1939. 

13-8 

17-3 (old) 

15-9 


13-8 

•• 

Kroelce and Garvor, 
1937. 

16-8 

17'3 (old) 

13 - 8 (now) 

13-77 

10-9 

•• 

. 

LovinBon and MaoFate, 
1937. 

15-8 

17-3 

10-0 

• 15-92 

•• 

•• 

Ordway, Gorham and 
Isaacs, 1937 . 

15-8 

13-8* to 17-2 

13-7 to 16-0 

18-9 

13-8 

16-8 

Book, 1938 

__ j 

13-8 

13*8* to s 17-3 

13-7* to 10-9 

18-9 

•• 

• • 


* Different instruments are supplied with different standards. 
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However, many instruments tlmt are now sold give the readings in tprnis of 
grammes of luemoglobin per 100 c.cm. of blood *, others give readings in duplicate 
so that it is easy to sec what corresponds to 100 per cent, or, if they use the older 
method, they state what their 100 per cent corresponds to in terms of dry 
hemoglobin. 

The excuse given for adhering to the older method («) is that most practi- 
tioners are familiar with this method of expressing the luemoglobin. It may be 
true that they are familiar with the expression, say, ' luemoglobin 80 per cent 
but they dou’t know what it means, for it may mean anything between 11 and 
13‘8 grammes of haemoglobin per 100 c.cm. of blood, a discrepancy which is far 
from negligible. They must therefore learn something new, so why should 
they not learn a new method which has a definite meaning accepted by all 
hematologists. Most American medical books are now using the 1 new nomen- 
clature ’ and in Great Britain even the more conservative clinicians will follow 
the lead ahe.idy given by British lucmatologists, in course of time. 

A tabic (II) showing the * normal ’ luemoglobin levels in different populations 
in India with a few samples from other countries for comparison, is given. 


Ilelligc normal hamomclcr 


The instrument cousisls of the following parts 

(i) A mixing tube with graduations from 10 to 170 ( sec figure 1, A). 

(ii) A pipette with a mark at 20 c.mm. capacity (B). 

(iii) A solid glass rod for st bring the mixture in the tube to ensure thorough 

mixing. 

(m) Coloured prism, or prisms, against which the blood has to be 
matched (C). 

(v) The housing of the hannometer (D) which is made of steel with a large 
base to ensure safe standing. Inside the housing are the coloured 
prisms in the front and an opaque glass plate at the back. Through 
a hole in the housing the mixing tube is introduced and lies at the 
same distance from the eye as the prism. 

. Fwlnriquc .— Fill the graduated measuring tube up to mark 10 (using a large 
pipette) with N/10 hydrochloric acid. 


After shaking the blood in the flask for 3 minutes, with the pipette draw 
up he b ood to the 20 c.mm. mark exactly, wipe away any blood adhering to the 
outside of the pipette, and transfer the blood into the measuring tube. If the 
one? fn!L a the mark, it is brought back to the mark by touching 

, g the tip of the pipette a few times ; cotton-wool or blotting 

paper should never be used. 


alLvfjJpPnfm d fi ? 1Img J a ,v d _ e . m Ptying, the pipette should be completely freed from 

acid - the red £ b °° d siould be inti “ately mixed with the hydrochloric 

acid, the red hemoglobin now turns to acid hamatin (brown). 



Normal ’ hemoglobin levels of different populations 


Estimation of hcemoglobin 
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Wait for 15 to 20 minutes; the mixture which is now brown should he 
perfectly clear. 

Now add water slowly drop by drop with a pipette, mixing constantly with 
the solid glass rod, until the mixture matches exactly the colour of the standard 
prism C in the housing. During the process the solid rod should not be placed 
on the table, as each time it is allowed to touch anything the small amount 
of mixture adhering to the rod will be lost, and this source of error will be 
multiplied. 


To match the solution and the standard, the hsemometer should be held up 
to a good source of indirect natural light, direct sunlight and artificial light being 

avoided. The level in the mixin g tube 
opposite the lowest point of the meniscus 
— a of the diluted acid hsematin is read; this 

, gives the percentage of haemoglobin. The 

end point is generally very sharp and there 
is seldom any difficulty in matching the 
L 1 solution and standards exactly, except with 

c r' Cj leuksemic and jaundiced blood. When a 

L ! - j point is reached at which the, solution 

[ - - '■ [*-] appears to match the standards, take a 

JiJt- A reading ; then add a drop of water, mix the 

solution, hold up to the light and take a. 
r ; second reading. If at the second reading 

I '/V . \ / ’ ‘ ' ' * ’ | the solution is definitely too light the first 

L *.’w reading should he taken. On the other 

hand if the second reading still appears 
‘re. e ge normal haamomeler. to match the standards, but, after yet 

• , . , . another drop has been added, the solution 

eumteiy lighter than the standards, the result should he the mean of the first 
two readings. 

. P^^^^writers, Napier and Das Gupta (1935), calculated that 100 per. 

f , 1 1 ie -tfemge normal hsemometer represented 13 '67 grammes by the 

n, si; 0 ] if 16 ) ® lne ^ 10 ^j hut later by means of the van Slyke oxygen-carrying method 

io Jt y ^ ber ^S ure waB obtained and they decided to consider 100 per cent as 
WfO grammes. 

baveuseri > tru “ ol this pattern (Helhge normal hsemometer) that they 
to have ^ a PP r ? cia % bom this standard, but it is advisable 

tested in i atam * ar<i with the pipettes and mixing tubes to be used, 
employed. ° Matoiy wiere the van Slyke oxygen-carrying method is also 

mmrns 'TlfiTL'.? I 1 ™!" 1 ot I ere .™tas e Itom the tube must be converted into 
& fckTi, 11 b =’ ™8 the conversion table of which 

g en (Table 1U). Jt is recommended that the full table he 


’7? f . >*~aaSv*a 

• r* 'A 

/•>. " . ■ *•. I 

-’.I vv 

Fig. 1.— Hellige normal haamomeler. 
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prepared and kept handy, though any figures between 2 and 109 not given can be 
calculated by summing two figures. 


Table III 

Skeleton table of haemoglobin values of the Hellige normal hcemomeler 
converted into grammes of hccmoglobin per 100 c.cm. of blood 


Per cent 
Hellige 

Grammes 
per 100 o.cm. 

Por cent 
Hellige 

Grammes 
per 100 o.cm. 

1 

0-1375 

10 

1-376 

2 

0-2760 

20 

2-750 

3 

0-4125 

30 

4-126 

4 

0-6500 

4. 

6-600 

5 

0-0875 

50 

6-876 

6 

0-8260 

60 

8-260 

7 

0-9625 

70 

0-626 

8 

1-1000 

80 

11-000 

9 

1-2376 

00 

12*376 


100 per cent Hellige = 13’76 grammes per 100 o.cm. 


3 

Enumeration of erythrocytes in the peripheral blood 

Erythrocyte and leucocyte counts are expressed as the number of cells per 
cubic millimetre (cm) of blood. 

Principle . — In enumerating the red or white cells, oxalated venous blood from 
the flask (or capillary blood from the finger or ear lobe) is taken into a red or white 
cell pipette up to a certain mark, and the pipette is filled with the diluting fluid ; 
it is then shaken, and a drop of the mixture is put into a special counting chamber, 
where the cells within some specified ruled area^ are counted, and finally the total 
number of cells per cm. is calculated. 
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The dexterity necessary to carry out the various manipulations in the different 
stages of making a blood count can only be acquired by practice. Further, close' 
attention must be paid to every detail of the technique, if accurate results arc to be 
obtained. 

Apparatus required 

(i) Microscope. 

(ii) Hfomocytomctcr with emintiii" chamber, preferably with Ncubnucr ruling. 

(fit) Red and white cell pipette*. 

(i») Htcmocytomctcr covcr-hp. 

(t>) Diluting fluids. 

(vi) Wntch-glns*. 

The ideal would be to use certified counting chambers and pipettes, but, where 
this is not possible on account of t heir high cost, only those which are manufactured 
by reliable firms (viz. Carl Zeiss. Bauscli and Lomb, etc.) should be used and these 
should at least be checked against certified instruments. 

Counting chambers. -There are various types of counting chamber in use. The 
new types of chamber hue two main advantages over the old Thoma chamber: — 

(1) The covcr&lip can be placed in position upon its bnse before the blood is 
introduced and this may be done slowly and with the care that is essential to 
ensure the appearance and persistence of Newton’s colour bands at the surfaces 
in contact. 

(2) The uneven distribution of the corpuscles on the counting surface, which is 
liable to arise in the original chamber devised by Thoma and is due to the rapidity 
with which the corpuscles, especially the red ones, tend to settle in the diluent, is 
obviated ; the new chambers are so devised that the diluted blood rapidly enters the 
counting space by capillary attraction. 

In the new types of chamber, e.g. Neubauer, BUrker, etc., the counting space 
is oblong and di\ ided into two compartments by a transverse groove, both of which 
contain a ruled area for counting the red as well as the white corpuscles. These 
two counting areas afford a means of making duplicate counts with a single applica- 
tion of the coverslip. 

In our laboratory we have used chambers with Thoma, Burker and Neubauer 
rulings, but for over two years we have been using only chambers with the Neubauer 
ruling which is simpler to use than the Burker ; with a single application of the 
coverslip, a larger area for the leucocyte count, 4 square millimetres on each 

side of the chamber, as opposed to 1 square millimetre in the Thoma type, is 
obtained. 


Counting chamber with improved Neubauer ruling 

The different parts of the cbynting chamber are shown in figures 2 and 3. 

The middle platform A T 2]l.is exactly 0-1 nnSi. lower than the two side 

LapthTo-i ^ C0 7^P '* P lac ® d u P on the platform, there is a space 
y 0 1 millimetre deep between it and the ruled area on the platform. 
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Upon the ruled area, there are’~hine large squares, 1 square millimetre each, 
separated by double lines. 


D Ot ,B 

rffpf- 


At 


Bi 


Fig. 2. — Improved counting chamber. 

^ Cover slip 


C 


1 y 


j 


6 At ot 

Fig. 3. — Section at ' x * of figure 2. 


The four large corner squares A , B, C and D, are the areas.in which the leucocyte 
count is made (figure 4). Each of these 4 square millimetres is subdivided into 
16 squares to facilitate counting. 



Vv... ' 

Fig. 4. — -Non I lauerjrnli ng. 

The square millimetre in - the centre ‘of theraled area is used for the red cell 
count. It is subdivided into 400 jmaller, squares; each of' which is therefore 
of a square millimetre. * • ' u 
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To facilitate counting, these 400 small squares are cut up into 16 groups of 
16 small squaies each, by extra lines which arc drawn through every fifth square. 

Red cells in the five small groups of squares, one 
from each corner, E, F, G and H and one from 
the centre, J, that is to say, the contents of 80 
small squares in all, are counted. 

The coverslip . — Only the coverslip which is 
specially' designed for blood-counting chambers 
must be used. If any other coverslip is used 
there may not be uniform depth in the counting 
chamber and the count will be inaccurate. 


The blood-counting pipettes 
( Thoma type) 

The capillary portion of both the red and 
white cell pipettes (figure 5) is divided into ten 
equal parts from the tip to the bottom of the 
bulb, the fifth and the tenth marks being denoted 
by figures 0"5 and 1, respectively. There is 
another mark just above the bulb where the 
figure 101 is given on the red celt pipette and 
the figure 11 on the white cell pipette. 



w W 

Leucocyte. Red cc u. 

Fiq. 5.— Counting pipettes. 


To facilitate mixing, there is a bead in the 
bulb, which is sometimes coloured red in the red 
cell pipette to distinguish it from the white 
cell pipette. 


Diluting fluids . — For the red cell count we have found the following solution 
the most satisfactory: — 


Sodium aulplmto .. .. .. 12-5 grammes 

Glacial acotio aoid . , . . .. 33.3 c , cm . 

Distilled water .. .. 200 „ 


There is neither clumping nor haemolysis with this fluid. Other solutions 
recommended are Hayem’s fluid, 


Merouric chlorido 
Sodium chloride 
Sodium sulphate 
Distilled water 


O'C gramme 
1-0 „ 

5*0 grammes 
200 o.cm. 


salt solution. We- have not found either of these satis- 
sokS. Umpmg ma y 000111 ^th the former and hamiolysis with the latter 
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IT or the white cell count we have found the following solution the best : — 


Glacial acctio acid 
Mercuric chloride 
Aniline gentian violet 
Water 


2 o.cm. 

O'l gramme 
one drop 
to 100 o.cm. 


The mercuric chloride will prevent growth of moulds when the solution is kept 
for a long time, and the gentian violet will give a slight tinge to the leucocytes and 
also make it easy to distinguish this solution from the red cell diluting fluid. 

When the diluting fluids are used, a small quantity should be put into a watch- 
glass or other suitable receptacle into which the pipettes charged with blood should 
be plunged. In no case should the pipettes be put into the original phials contain- 
ing the diluting fluids, as there is every possibility that in course of time cells will 
find their way into this fluid and accumulate at the bottom of the phial ; these 
may be taken up subsequently with the diluting fluid and vitiate the count. 


Enumeration of erythrocytes 

(i) Filling the pipette . — Before using a pipette see that it is absolutely dry 
and clean and that the point is intact (the tips are easily damaged). With a dry 
red cell pipette suck blood up to the mark 0-5 (or 10, in the case of ansemic patients) 
by holding the pipette almost horizontally and at right angles to the line of vision, 
so that the exact height of the column of blood can be seen easily. The blood 
should not go much beyond the mark, but, if it does go a little beyond, it is brought 
back to the mark by applying the tip of the pipette to the tip of the finger a few 
times ; cotton-wool or blotting paper should never be used as they will draw out 
the serum only and the cells in the pipette will become more concentrated. The 
blood adhering to the outside of the pipette is wiped off, and the pipette is plunged 
into the red cell diluting fluid in a watch-glass. The diluting fluid is drawn up 
exactly to the mark 101, the pipette being held nearly vertical and gently rotated 
between the thumb and the forefinger. The rubber tube is taken off and a tightly 
fitting flat rubber band is put round the pipette closing both the_ends to prevent 
any leakage. It is now laid flat on the table, or in the box. „• 

When the pipette is filled, it will be seen that the entire capillary end of the 
pipette from the tip to mark 1 is occupied by diluting fluid., -Hence, the true dilu- 
tion of the cells is not 0‘5 (or 1) in 101, but 0‘5 (or 1) in -100, i.e. 1 in 200 (or 1 in 100). 
Thus, by talcing blood up to the different marks from O'l to 1 in the pipette, dilu- 
tions ranging from 1 in 1,000 to 1 in 100 can be made. 

Should there' be any air bubbles at any stage during the filling of the tube 
with the blood or the diluting fluid, the whole preparation must be rejected and 
another pipette filled up, for it is never po$j$)le-tb get all the air out without loss 
of some fluid. _ - 

(ii) Shaking the pipette .— On every occasion, prior to charging ‘ the counting 
chamber with the diluted blood, the pipette should .be shaken, preferably in a 
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shaking machine or hy rotating the tube, held horizontally, between the palms 
of the hands, first with the right hand on top and then the left, for about 2 
minutes. The pipette should never be shaken in a horizontal direction, i.e. in the 
direction of its long axis, as this tends to throw the cells into the capillary tube. 

[in) Charging the counting chamber . — The counting chamber and the coverslip 
must be perfectly clean and free from dust or threads of cotton. Put the coverslip 
on the counting chamber so that it covers the ruled areas B and B 1 (figure 2), and 
with the finger nail tap the coverslip to ensure good contact. Biscard the first 
few drops of the diluted blood by blowing into the pipette. Next, holding the 
pipette in an inclined position of about 45 degrees, apply a small drop of diluted 
blood to that part of the platform A-A 1 of the counting chamber which just projects 
from the coverslip ; the drop will instantly pass under the coverslip by capillary 
attraction. The drop of blood should not be too large, or it will overflow the chamber 
and pass into the overflow trenches D-D 1 , and may even pass to the transverse 
trench C. Neither should the drop be too small as in that case it will not completely 
fill the counting surface. With a little practice a drop of the requisite volume can 
he put under the coverslip ; any little excess on the platform should he removed 
by sucking with the pipette and never with blotting paper. 

Small air bubbles are liable to he introduced into the counting chamber together 
with the diluted blood 

(f) if the counting surface and the coverslip me not previously cleaned with 
the requisite care, or 


(«) if ti'c point of the pipette is chipped. 

If there be any overflow into the trenches, or if there are any air bubbles 
remaining, the chamber must be cleaned and charged again. 

Place the counting chamber on the micro- 
scope stage or on any horizontal surface for 
about 2 to S minutes to allow the cells to 
settle properly. 

Focusing the ruled area 

Great care is necessary in locating the 
ruled area without injuring the objective or 
disturbing the distribution of cells. This is 
most conveniently done by locating the ruled 
area first with the low power (two-thirds 
objective and 10 x eyepiece)— lowering the 
condenser or reducing the light by means of 
the iris diaphragm will show up the rulings 
siwi. , . '■ distinctly (figure G); the higher power (ono- 

thc mirrL Ct,VC ™, ny ^ licn 1)0 substituted by simply rotating the nose piece of. 
the microscope and adjusting the condenser and diaphragm. 



I in.. f>. — Tlitmiii ruling ns seen 
with Iwo-thinl lew. Tlic Mack 
circle shows tho field sc,,,, „ i( i 
the one-shth lens. 
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Counting the cells 

Poctis the ruled area with the low power and also find out if the cells are evenly 
distributed — if not, another preparation should be made. 

The cells in the squares can now be counted with the high power, one-sixth 
objective. The area from which the cells are to be counted will vary with the 
different types of ruling, but the same 
rule for cells on boundary lines should 
hold good in all cases. 

Rules for cells on- boundary lines . — 

All the corpuscles touching the upper 
line and the left hand line of a square 
are considered to be inside the square, 
while those touching the lower line and 
the right hand line of -a square are 
considered to be outside the square 
(figure 7). 

The cells contained on the five 
groups of small squares E, E, Gr, H and 
J in the middle of the ruled area of the 
Neubauer ruling (figure 4) are counted. 

In all cases the cells on both sides 
of the chamber should be counted and 
the mean of the two taken. Should 
there be a difference of more than 5 per cent in the two counts, the chamber 
should be recharged and the count done again. 

Calculations for erythrocyte count 

Each small square = square millimetre. . . 

Therefore, the cubic dimension of each = -^ X 0-1 (space'"' between the 
coverslip and the ruled area) = cubic millimetre. 

And each group of 16 small squares = ^ = ~o' cubic millimetre. 

Therefore, cells from five groups of 16 squares each = — g = ~ cubic 
millimetre of diluted blood. 

S • 

Thus, the total number of cells counted from five groups of small squares 
multiplied by 60 will give the number of cells m 1 cm of diluted blood. 

This, when multiplied by the dilutihg-factor 200 (or 100) will give the number 

of cells in one cubic millimetre of ‘'blood. ‘ ' 

» m ■** 

Example . — Blood is taken up to O'G'jntirk. " 

Total number of colls counted in fivo groups of 16 small squares = 460. 

Therefore 460 X 50 22,500 colls por o.mra. of diluted blood: nnd 22.500 x 200 

= 4,500,000 colls por o.mm. of undilutod blood. 



luo. 7.— One field -with one-sixth lorn 
showing which colls should ho counted 
nnd which ncglcotcd. 


N, AV 


4 
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men, as in the above ease, blood, is taken to the 0-5 mark and the dilution 
is 1 in 20()| the calculation can be simplified by adding four 0’s to the total number 
of cells counted in the fire small squares; e.g. in this instance 450. X 10,000 <= 
•1,500,000. 

For high counts, as in polycythemia 

One in 200 dilution is not enough as the cells are numerous and would be too 
crowded to allow an accurate count to be made, so the blood is drawn up to the 
0-2 mark and the diluting fluid as before up to the 101 mark ; this produces a dilu- 
tion of 1 in 500, and the total number of cells in the five squares must be multiplied 
by 25,000 instead of 10,000 as in the example above. 

Conversely, in an ananuie blood it is advisable to take blood up to the l'O 
mark ; the dilution will be 1 in 100 and tbe total number of cells will be multiplied 
by 5,000. 

A table (IY) which will facilitate calculation when blood is taken up to the 
different marks of the red cell pipette and cells from the five groups of small squares 
of the Neubauer rulings are counted, is given below. 


Table IV 


Blood taken 

Dilution 

Multiplication factor to 
arrive at number of 
cells per o.mm. 

0'1 miuk 

1 : 1,000 

X 60,000 

0-2 „ 

1: 600 

X 26,000 

0-4 „ 

1 ; 260 

X 12,600 

0-6 „ 

1 : 200 

X 10,000 

1‘0 „ 

1: 100 

X 6,000 


The TJiohia ruling: — The only way this ruling differs from that of the Neubauer 
is that with the Thoma ruling there are no separate squares for the white cell count, 
and that there is only one set of rulings instead of two, so that the count cannot 
be done in duplicate, unless the slide is washed, another drop of diluted blood added,, 
and the coverslip re-applied. 

Alternatively, but this does not constitute such a rigid check, a second, set of 
bve groups of squares can be counted on the same slide, without washing it and 
rc-applying the coverslip. 

As the area of the small square is the same as in the Neubauer hiemo- 

cytometer, i.o. m square millimetre, tbe calculations are exactly the same 
as described above. 
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Enumeration of leucocytes 

For enumeration of tlie leucocytes, follow the technique given under enumera- 
tion of erythrocytes, taking all the same precautions in the different steps. 

With a dry white cell pipette suck blood up to the mark 0-5 (or 1 in cases of 
leucopsenia), wipe off the blood adhering to the outside of the pipette, plunge it 
into the white cell diluting fluid and draw the mixture up to the mark 11, take off 
the tube and put a tightly fitting flat rubber band round to close both the ends, 
and lay it flat on the table. 

Here, too, the capillary end up to the 1 mark of the pipette is occupied entirely 
by the diluting fluid. Hence the true dilution of the cells is 0*5 (or 1) in 10, i.e. 
1 in 20 (or 1 in 10). 

By taking blood up to the different marks from 0’1 to 1 in the pipette, dilutions 
ranging from 1 in 100 to 1 in 10 can be made. 

Counting the cells and calculation to find out the cells per c.mm. 

With Neubauer ruling . — Count the cells in the four corner areas A, B, C and D. 

Divide by 4 to get the average number of cellB in each area. 

We know the area is 1 square millimetre and it is 0-1 millimetre deep. 

Therefore the cubic capacity of each area is 0T cubic millimetre (1 X 0T). 

Thus, the cells counted are from 0’1 cubic millimetre of diluted blood. 

This, when multiplied by 10, gives the number of cells per cubic millimetre 
of diluted blood. Again, this figure multiplied by the diluting factor 20 (or 10) 
gives the number of cells per cubic millimetre of whole blood. f 

Example . — Blood was taken up to 0'5 mark. „ 

. Number of cells counted from the four squares was 120. i - / 

Therefore, the avorage number of cells in 1 square, i.e. 0'1 cubic-millimetre, of diluted 
blood is 30. - , 

Therefore 300 (30 X 10) is the number of cells in 1 c.mm. of diluted blood ; 

and 6,000 (300 X 20) is the number of colls per c.mm. of blood. 

The number of cells can be calculated rapidly -by multiplying the total 
number of cells from the four squares by 50 ( i.e. — * — j when the dilution 

is 1 in 20, or by 25 | i.e. — ^ 10 j when the dilution is 1 in 10. 

Thus, in the above example, 

120 = number of cells from the four squares. 

Therefore 120x50 = 6,000 is the number of cells per c.mm. of blood. 

For high counts, as in leukmmia. 

/ . t 

In cases of leukaemia greater dilution of the blood is necessary for a correct 
count of the cells, as otherwise the cells are so crowded that an accurate count is 
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practically impossible. In 

mmACr ° f M " S *“ 

calculated. , nl.n+inn when Wood is taken up to the different 

ln arta^i^-“^ ^" r 01 1 ^ ” C 

cTunid, is given Wo*:- ^ y 


liloorl taken 


0*5 in red cell pipette 


1-0 

ft »> 

»» »* 

o-i 

„ wliito 

» »» 

0-2 

** l» 

t« »♦ 

0-4 

»1 »» 

n *» 

0-fi 

f» *> 

n » 

1-0 

«t •’ 

l« »* 



Dilution 

Multiplication factor 
to arrivo at number 
of cells per c.mm. 

• • 

1: 200 

X 500 

■ • 

1: 100 

X 250 

• • 

1 ! 100 

X 250 

• • 

1: 50 

X 126 

■ • 

1: 25 

X C2-5 

• • 

1: 20 

X 60 

• • 

1: 10 

X 25 


(A) With Thoma ruling : calculation for leucocytes 

All the leucocytes in the whole of the ’’ 0 

four separate counts should he made and the average count taken ^ 

This area of 1 square millimetre r?P^ents ^ cube capac 

millimetre. This when multiplied by 10 gives the diluting factor (10 or 20)- 

metre of diluted blood and when again multiplied by the diluting 
the number of cells per cubic millimetre of whole blood. or j,y 

Thus, the number' of cells multiplied by 100 (when the > dilu ion of 

200 (when the dilution is 1 : 20) gives the number of cells per cubic m 

undiluted blood. 

(B) Counting by field method for low counts _ «_ 

' ' , , . ■> +T, ere is usuauy 

This method is suitable in kala-azar or other diseases in w an d dilute it 

a leucopsenia. Take blood up to 0'5 mark of the white cell pip 

1 in 20. o In the centre of the 

With 5 x eyepiece and one-sixth objective focus the squar vi oc k of the 
field of the counting chamber with the Thoma ruling, or the cen g e jght 

Neubauer, and draw out the tube until the diameter of the hem 



Envmeralion of leucocytes 


53 


times tlie length of the side of a small square. The area of the whole field is now 

( 2 22 \ 
rr = y X 16 = 50'2857 ). 

Count the number of cells in 40 such different fields. 

Gahulaiion . — The volume of each square is 1/4,000 cubic millimetre and each 
field contains 50 squares. 

Thus, if the total number of cells in 40 fields is 70, the number of cells 
per cubic millimetre of blood = X 70 = 2,800. 

The same result may be obtained by multiplying the total number of cells in 
40 fields by 40 if the dilution is 1 : 20, or by 20 if the dilution is 1 in 10. 

With this method, cells of a very large area are counted and the multiplying 
factor is only 40, or 20, and therefore greater accuracy is ensured. 


Enumeration of the nucleated cells of the marroio 

The enumeration of the nucleated cells of the morrow from the material 
obtained by sternal biopsy is carried out in the same way as that of the leucocytes 
in cases of leukaemia. 


Care of the instruments 


After use, the pipettes, coverslip and the luemocytometcr chamber must be 
cleaned thoroughly. 


Cleaning the pipettes 


1. Thoroughly wash out all the diluted blood with water. 


2. Remove water with absolute alcohol. 


3. Remove alcohol with ether. 

4. Pass air through to dry the pipette, 
so that the bead rolls freely in the bulb. 

It is a very laborious process to clean 
the pipettes by sucking air through them, 
and one cannot dry them properly by 
blowing, as expired air is laden with mois- 
ture. The pipettes can be cleaned easily 
and dried by attaching them to a suction • 
pump (figure 8), or when this is not available, 
by attaching them to a syringe. ■■ 

If the cells clog the tip or any part off 



the capillary tube, loosen them by instiling Fia. S. — Suotion apparatus for cleaning 

a stiff horse hair. ■ ^ r pipettes. 

If there is albuminous matter 'in the 

-bulb, -fill it up either with- saturated solution of NaOU or potassium bichromate 
cleaning solution, keep overnight in the 87°0. incubator, and clean next morning. 
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Cleaning counting chamber and coverslip 

Wash the ruled side of the counting chamber and the coverslip in running 
water. Thoroughly dry, first with a clean cotton handkerchief and finally with 
a silk handkerchief, sclvyt cloth or lens paper, but avoid rubbing the ruled 
area of the counting chamber. 

From time to time the counting chamber and the coverslip should be wiped 
with alcohol or acetone to remove any grease and then dried with the silk hand- 
kerchief, but on no account should the counting chamber be immersed or freely 
cleaned with alcohol. 

If the rulings become faint after long use, the lines may be made 
prominent by lightly nibbing with a silk cloth on which graphite (lead from 
a pencil) has been rubbed. 


Normal standards 

The number of red cells per c.nmi. is usually given in textbooks as 5,000,000. 
This figure is too low for men and too high for women. The mean of a number of 
counts in different populations is given in table VI. 

It will be seen that there is a striking uniformity in the counts in 
different populations, compared for example with the haanoglobin estimations 
in the same range of populations. 


5 

Enumeration of reticulocytes 

Reticulocytes, or reticulated erythrocytes, are young red cells ; ; they represent 
the stage just after the cells have lost their nuclei and before they afe fully mature. 
The reticulocyte count is expressed as a. percentage of the red cells; their 
percentage incidence gives information as to the activity f 'of the red-blood-cell 
formation at the moment. f ' . 

The reticulation may appear as a net-work over the whole cell, as a collection 
of discrete rods, or as granules. These are not shown by ordinary Romanowsky 
stains and a special supravital staining method is necessary to demonstrate the 
reticulation. * 

Staining methods . — Various dyes have been tried for staining reticulocytes, 
but brilliant cresyl blue has been found to be. the best and it is now used 
universally. Although brilliant cresyl blue, is the dye of choice, a number 
of different methods of using it 'have been suggested. Methods for reti- 
culocyte staining may be classified in the following groups, in all of which 
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scrupulously clean and polished slides and coverslips without any scratches should 
he used* : — 

A. Methods in which a thin film of the dye is dried on the slide or covcrslip 
and the blood added later. 

B. Methods in which the blood is mixed with a solution of the dye. 

With cither method fi) a dried smear, or (ii) a wet coverslip preparation 
may be made. 

Appuralus required [ for method of choice, B (»»)] 

(t) relished slides. 

(ii) Clean coicrslips (preferably 22 X 40 mm.). 

(tii) Cresyl-bluo solution 1 per ccnl in 0'85 por cent sodium chloride. 

(tv) Capillary pipotto, 

(t) liubbor teat. 

(vi) Vaseline or paraffin. 

(«i) Gas or spirit lamp. 

(wit) Ehrlioh’a eyepiece (or some means of limiting tlio microscopic field). 

(is) Microscopo. 

Additional requirements for other methods 
(t) Surgical pricking needle or 1 blood gnn '. 

(ii) Alcohol, ether, and cotton-wool. 

(Hi) Crcsyl-bluo solution 1 per cent in absolute alcohol. 

(ir) Widc-mouthcd glass bottle 1 
(») Speoimen tube l A (i) and (ii). 

(vi) Filter paper ] 

(vii) loishmau’a stain 1 

m IMstillsil water A <"'> and B W- 


Method A 

To prepare slides or coverslips proceed ns follows: — 

. , Make a 1 per cent solution of brilliant cresyl bine in absolute alcohol and keep 
it m a well-stoppered bottle. The slide may he prepared by one of the following 
methods:— 3 t J 


(«) Take a polished slide, heat it a little over a flame and put it on a flat 
even surface.- With a capillary pipette take some brilliant cresyl-blue 


Slides. These should be cleaned and polished in tho following way : — 

(i) Only new slides should he used. Put tho slides in a class jar containing spirit. Keop 

them soaked in spirit for ovor 24 hours. 

(ii) With a pair of forceps take out one slido at a time, allow the spirit to drain off the slide, 

and then flama over a spirit lamp or gns burner. 

(ro) olish well one side of the slide with jewetlor’s rouge, using a soft cloth. Mark the polished 
side with a glass pencil and keep it in a dust-proof slide box. 

with a pSr'^of fine^orcem tabf™ f® in a ^dc-mouthod glass jar soaked in spirit. Just before use, 
over a spirit laWor Sumer nU °“ .®? Tetsli P at \ tlmo - “bow the spirit to drain off, flame them 
until they are wantef Umr ’ olean a Boft olottl and hoop thorn covered in a small Petn dish 
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solution from the stoppered phial and put a drop on the middle 
of the slide. If the slide is clean and it is on an even surface, the 
stain will spread concentrically and will be distributed in a uniform 
manner. The stain will dry in a minute or so ; the slide is then ready 
for use. 

(6) Put some stain in a wide-mouthed glass bottle. Warm a polished slide 
by passing it through a Bunsen flame, and holding it in a pair of 
forceps dip it vertically into the jar of the dye up to- three-quarters 
of its length. Take it out, allow the excess of stain to drain back 
into the bottle, and, before it is dry. put it in an upright position 
inside a specimen tube at the bottom of which a piece of blotting 
paper lias already been placed. Put in the cork and allow it to stay 
overnight ; take it out, and wipe the stain from the unpolished side 
of the slide with a moist cloth ; it is then ready for use. 

Slides prepared in either of these ways may be kept for a long time in a dust- 
proof slide box and used when required. 

(i) To prepare a dried smear, only slides prepared by the second method are 
suitable. 

Put a drop of blood, oxalatcd or from the finger, on one end of a prepared slide 
and draw a very thin smear across the stained surface of the slide in the usual way — 
the use of a hsomocytomcter covcrslip as a spreader facilitates the drawing of a 
thin smear. Slides prepared in this way may be countcrstained with nny of the 
Romanowslcy stains in the usual way. 

(ii) To make wet covcrslip preparations, slides prepared in either of the above 
methods may be used. 

Put a drop of blood, oxalated or from the finger, on the stained surface of 
prepared slide, gently place a coverslip on the drop of blood, avoiding air bubbles 
as far as possible. If the drop of blood is of the proper size, it will spread uniformly 
under the pressure of the coverslip, but, in case it does not do so, apply very gentle 
pressure with the tip of the finger, so that the blood spreads evenly, but on no 
account should the covcrslip be pressed hard, as some of the cells may be ruptured. 
Ring the coverslip round with hard paraffin by dipping a match in melted paraffin 
and stroking it on to the slide at the junction of the slide.and coverslip. 

Method B 

In this method a small amount of blood is mixed with a quantity of dye in some 
definite proportion. 

(i) Method of Osgood and Wilhelm (1934). 

Put 0'5 c.cm. of 1 per cent brilliant crcsyl-blue solution in 0’85 per cent sodium 
chloride into a small test-tube on a rack. Add an equal quantity of oxalated blood 
from a well-shaken flask. Mix well and allow the mixture to stand for about 2 
min utes. Rotate the tube between the hands to get an even mixture. 
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Withdraw a little of the mixture with a capillary pipette and put a drop at 
one end of a polished slide. Make a thin smear and, when it is quite dry, counter- 
stain with Irishman's stain in the usual way. The slide is now ready for examma- 
tion for reticulocytes. A differential count of the leucocytes can also be done at 


the same time. 

(ft) Modification of the above method. This is the method of choice. 

. Prepare a mixture of crcsyl blue and oxalated blood as in the above method. 
With a capillary pipette take out a little mixture. and put a small drop at about 
the centre of the polished side of a clean slide. Apply a clean covershp on the drop 
of the mixture, when, under the pressure of the covcrslip, the mixture will spread 
evenly ; but, in case it does not do so, very gentle pressure with the tip of the finger 
may be applied over the coverslip. Tim preparation is then sealed with vaseline 
or paraffin and is ready for examination for reticulocytes only. 


Counting the reticulocytes 

Slides prepared by any of the methods described above are first examined 
rapidly with a low power (two-thirds objective), and a portion of the side is 
selected where the cells appear discrete and there are not too many m one c 
This portion of the slide is now examined with the one-twelfth oil-immersion ens. 
The total number of red cells in the field and also the number showing reticulation 
are counted. The use of an Ehrlich’s eyepiece, or a piece of metal with a square 
hole in it placed inside the eyepiece to narrow down the field, greatly facilitates ie 
counting. Altogether one thousand red cells are counted in a more-or-less norma 
case, but if the count is high, 5 per cent or more, 500 red cells are sufficient ; e 
number of cells showing reticulation is noted, and from this the number o 
reticulocytes per 100 red cells is calculated. 

A Vecder counter, or some similar device, is useful here ; one counts the red 
cells, and each time a reticulocyte is encountered clicks the Yeeder. » on 
a thousand red cells have been counted, the number on the Veeder is read. 

In the absence of an automatic counter, a pencil and paper must he used, for 
it is a mistake to try to keep two sets of figures in one's head. 


Comment 

Osgood and others have shown that divergent results are obtained Y^-tbe 
different methods in use. They obtained the best results with the method desen e 
by them, which has the additional advantage that a differential count of the euco 
cytes can also be done in the same preparation. We have, however, found tiiat tn 
modified Osgood method, which is the routine procedure in our labora or y> 
given even better results in our hands than the original method. With the mocunea 
method all the reticulocytes stain very well and there is no clumping nor overlapping 
of the cells ; thus, the counting is very much facilitated. With the original me o 
a number of cells appear broken, more so in the case of anromio blood, and the ce s 
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are less discrete. The percentage of reticulocytes appears to be slightly lower 
in the original tlian in the modified method. In a small number of cases where 
the counts were done by both methods, 5*16 per cent reticulocytes were found by 
the original method, against 6*98 by the modified method. 

On account of the divergent results obtained by the different methods in use, 
for comparative studies a uniform technique Bhould be adhered to in the enumera- 
tion of the reticulocytes, not only by one group of workers, but by all, so that the 
results of different workers will be comparable.. 

The modified Osgood method, described above, is simple and, as it appears 
to be superior to the other methods in many ways, we recommend it as the 
method of choice for the enumeration of reticulocytes. 


Normal values 

It is unnecessary to quote the figures of numerous observers regarding the 
normal percentage of reticulocytes. When, in a healthy individual whose red 
cells are at the normal physiological level, the htemopoietic and haemolytic tissues 
are functioning normally, the number of reticulated red cells reaching the peripheral 
blood is less than I per cent of the total red cells. The normal range is usually 
given as 0*1 to 1*0 per cent. The present writers found a mean percentage 
of 0*67 ± 0*37 in a series of 60 city-dwelling Indian males, with a range from 0*2 
to I'd, and 0*37 ± 0*27 amongst 122 women. On the other hand, for Assam tea- 
garden coolies the mean was 2*17 ± 1*92 and. the range 0*1 to 10*8 per cent. It is 
probably true to say that reticulocyte counts in man of over 1*0 per cent are evidence 
of some unusual stimulation to the hremopoietic system, though they may be 
encountered in an apparently healthy individual. In our Assam coolie series, we 
accepted these findings of unusually high reticulocyte percentages, associated as 
they were with a low haemoglobin percentage, as evidence of some abnormality of , 
the erythron in the individual's concerned. 

/ N 1 

Significance of reticulocytes ; j 

Whenever the hsemopoietic system meets an extraordinary demand for red 
blood cells, the reticulocyte percentage will rise, but the , reticulocyte rise will not 
be maintained even though it will take some time for the deficiency of the red cells 
to be made good. 

For example, if a healthy individual loses a large quantity of blood, there is 
an imm ediate steady rise in the reticulocyte curve which reaches its maximum 
and falls to normal again within a few days, whereas it will probably be a few weeks 
before the loss of blood cells is made up. 

Similarly, in deficiency aneemias; when the deficient substances, e.g. huemo- 
poietin in pernicious ansemia and iron in iron-deficiency anaemia, are supplied, the 
hsemopoietic tissues in the bone’ marrow are now enabled to meet the demand for 
red cells, and there is a rise in the reticulocyte percentage that Btarts within two or 
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three days and reaches its maximum within five to ten days, after which it falls 
as fast as it rose. 


This reticulocyte rise gives a valuable indication that a deficiency has been 
made good. 

A third example is in toxic aplastic aiiEeniin, where a toxin iB depressing the 
function of the bone marrow. In this case there may be no reticulocytes at all to 
be found in the peripheral blood, but once the toxin is neutralized, or otherwise 
ceases to exert its toxic effect, the hrcmopoictic tissues will start to function 
properly, reticulocytes will appear in the blood, their percentage will rise to a 
maximum within a few days and will foil again to the normal level, but in the 
absence of any further intoxication the red cells will continue to increase until 
they reach their normal level. 


It should be emphasized tLat whilst a reticulocyte crisis, as this sharp 
rise is called, is evidence that the hemopoietic tissues arc functioning effectively, 
a fall of reticulocytes to the normal level does not indicate any cessation of this 
functioning, but on the contrary it usually indicates that red blood cell formation 
is being carried on in an orderly manner. 


In true hemolytic anaemias, there is a constant reticulocytosis, as not 
only will the anoxemia stimulate crythrogenesis, but there is a second source of 

stimulation in the debris of abnormal haemolysis 
which has to be disposed of by the reticulo- 
endothelial tissues. 

A constant reticulocyte count of 5 to 10 
per cent or higher is evidence of excessive 
haemolysis, and in a haemolytic anaemia the 
return of the reticulocyte count to normal is 
usually evidence that the excessive blood 
destruction has ceased. 



Reticulocyte crises 

The extent of the reticulocyte response is 
governed mainly by the original level of the 
red cells in the anaemic state. IT or example, 
in a case of pernicious anemia the rise in the 
reticulocyte percentage after the same adequate 

dose of liver extract may be as high a's 55 per 

Fio. o.— Biddle’e chart for calculating cont or Poetically negligible, according to 
respond whether the red cell count was 500,000 per 
adequate thf^ C . l0US an!6mia ^ c.mm. or 3,000,000 per c.mm. before treatment. 

Doubling the dose of liver extract would mate 
resnfm ,„ ' ” no difference to the height of the reticulocyte 

anemia ’if , ducin B to an ^adequate dose would. Therefore, in pernicious 
aMma ' one *«i»g tie expected ' reticulocyte lesponBef one can 
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judge whether or not the dose of liver extract given, was an adequate dose. We 
have given a chart here, not so much for practical use as pernicious anaemia is 
rare in India, but to demonstrate this point. 

In iron-deficiency anaemia, the response to adequate iron therapy is also propor- 
tionate to the degree of the anaemia, but in this case the reticulocyte count does 
not respond with the same mathematical precision. 


6 

Enumeration of thrombocytes 

Thrombocytes, or blood platelets, are colourless or slightly bluish bodies 
spherical, ovoid, or pear-shaped, and are usually about one-third of the diameter 
of a red blood cell, but they may be larger, especially in pathological conditions. 

No method of enumeration of blood platelets is entirely satisfactory, as plate- 
lets tend to form clumps and to stick to any foreign surface with which they may 
come into contact. However, with careful technique, counts sufficiently accurate 
for practical purposes are not difficult to obtain. The principal point to be remem- 
bered in the platelet count is that manipulation of the sample of blood should be 
avoided, and, if possible, the blood should be taken directly on to the counting 
slide. ° 

The platelet count is expressed as a number per cubic millimetre of blood 
There are several methods for estimating the number of platelets ; these fall under 
the two main heads, the direct and indirect methods. 

Apparatus required [for method of choke, JB (i)] 

As in tlio reticulocyte count. 


Additional requirements for other methods 
For method A. — (i) Red Wood coll pipette. 

(it) Sodium citrate 2 per cent solution (fresh and sterilized). 

(tit) Counting chamber with Nonbauor ruling and coverslipi * * ' 

For method JJ.— (it) Magnesium Bulphate 14 per cent solution. 

A. Direct method.— In this method the number of platelets per cubic milli- 
metre is calculated without any reference to tho red blood cell count. 

Prick the finger with a sharp surgical needle and with a red cell pipette draw 
blood up to the 0-5 mark and dilute it with fresh sterile 2 per cent solution of sodium 
citrate, up to the 101 mark. After { gen tie. shaking, put a drop in the' counting 
chamber, wait 3 to 4 minutes to allow the platelets to settle down, focus the light 
carefully, and count with .the high power a II' the platelets in 1 square millimetre 
area. The number of platelets per .cubic' millimetre of blood is then calculated in 
the usual way. 
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B. Indirect method.-^ in ceutcaTculS^m timber 

are at first expressed as a percent, g q{ p i a t e lets observed in count- 

ing one thousand ted cells. 
The number of platelets per 
cubic millimetre can then be 
calculated from the total red 
cell count, which must be done 
at the same time. Of the 
many indirect methods ad- 
vocated, the following two 
methods have given consis- 
tently good results in our 
hands : — 

(i) Clean the tip of the 
finger first with soap and 
water, and then with alcohol 
and ether, and apply a thin 
layer of sterilized vaseline over 
it. Prick the finger with a 
blood gun or sharp pnckmg 
needle through the thin layer 
of vaseline. As the blood 
comes out, touch the upper- 
««* Portion of the blood top 
with the centre of a 22 * * 

mm. coverslip. Place the coverslip on a dried cresyUju^st^ed^e ]M? 1(J 

method A, (a) or (&), as described for the reticul 1*^ and fina lly seal the 
pressure try to obtain as uniformly spread 

sides of the coverglass with vaseline or paratim. ^ 

(ii) Clean the tip of the finger as above, to one side of the 

of magnesium sulphate on the back of the finger j dr0 p 0 f blood should 

nail eroove. Make a small puncture through the drop.^ ^ Mix xap idl y with a 

make 



of magnesium sulphate on the back ol tne nngei j drop of blood 

nail groove. Make a small puncture throug e P* __ rapidly 

he such that the resultant blood mixture is a ou ^ clean slides, 

paraffined* capillary pipette. Transfer the blood 1 ^^ ^ 
very thin smears and stain with Wright s or eis _ an ' 0 il-immersion 

The coverslip preparation (i), or the slide (n), is ® xa1 ^® . than a big circular 

lens. A small rectangular field is more convenient for red cells, 

one {v. s.). Note the number of platelets seen m counting , ^ exam ined so 

Successive fields from the different areas of the smear s gtnbution. 
as to eliminate, as faT as possible, the error from uneven — 


* Platelets 
paraffin the ; 
paraffin •wax 
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The red cell count is done as a separate procedure, in the usual way. 

By a simple calculation the total number of platelets per c.mm. may now 
be ascertained. Thus, if the total red cell count is 5,000,000 per c.mm., and 

if x be the number of platelets counted against 1,000 red cells then 
or a; x 5,000 is the total number of platelets per c.mm. 

Example. — Total red blood colls = 4,500,000 per c.mm. 

Number of platelets counted against 1,000 red colls = 50. 

Therefore, 

50 X 4,500,000 

platelets per c.mm. = j-ggg or 50 X 4,500 = 225,000. 

The enumeration of the platelets by the indirect method, though more laborious ' 
and time absorbing, as a total red cell count lias also to be made, is nevertheless 
much superior to the direct method. . Results obtained by indirect methods, 
especially by method (?), are always higher than those of the direct method, as 
there is very little contact with foreign surfaces. 

Normal values 

The figures given by different writers vary considerably. This variation is 
undoubtedly due to some extent to the differences in the methods adopted for 
counting them, but there are considerable variations in the platelet counts done 
at different times by the same method in the same individual. 

"Whitby and Britton (1939) in Great Britain give the range as 250,000 to 500 000 
per cubic millimetre and Gram (1920) in America as 280,000 to 540,000 with the 
average at 350,000. The present writers found. 369,000 ± 248,000 in Calcutta and 
423,000 ± 343,000 in Assam ; in the latter series there were a number of so-called 
normal individuals with platelet counts of over a million and a half. 

7 

Determination of corpuscular volume 

Principle.— A volume of uncoagulated blood is centrifuged at a high speed in 
a graduated tube until there is no further packing of the corpuscles. The level of 
packed red cells and of the serum are read off directly from the tube ; from this the 
proportion of the packed cells to the whole blood is calculated and is expressed as 
a percentage. 

Apparatus required 

({) Graduated cell-volurao tubes fitted with rubber corks. 

(it) Capillary pipettes with rubbor teats. 

(tit) High-speed centrifuge machine that will rotate at at least 3,000 revolutions por minute. 

(tv) A balance to ensure that the weight of the tubos and their contents nro about equal. 

(v) Hand lens. 

Cell-volume tubes. — V arious types of tube are in use; these vary in length, 
bore, and capacity. "WintTobe uses small tubes, 11 centimetres long with a bore 
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of 2-5 millimetres, which are marked in millimetres and centimetres from 0 to 10. 
In our laboratory, we use a tube 7-5 centimetres long with a bore of 7 millimetres 
and graduated from 0 to 110. These tubes were specially made for us, by Messrs. 
Baird and Tatloelc, London, to fit in our high-speed centrifuge machine, but 
comparatively short graduated tubes of this kind are now easily obtainable from 
instrument makers. 


As the degree of packing of the cells depends to a certain extent on the calibre 
of the tube, it is desirable that the same set of tubes which were used in working 
out the normal standards should be used in all subsequent work. 

Method . — The blood is taken in the usual way into a 5-c.cm. or 3-c.cm. flask 
containing oxalate (sec p. 36). With a capillary pipette withdraw oxalated blood 
from the flask after it has been well shaken, fill up the graduated cell-volume tube 
from the bottom upwards exactly up to the 100 mark, put in a small rubber cork 
to prevent any evaporation during centrifugalization, and place it in the centrifuge 
bucket. 

If possible two specimens should be placed in the centrifuge at the same 
time. In any case, the centrifuge bucket containing the graduated tube must 
be balanced against a similar bucket ajnd tube so that their weights are 
exactly equal, before these two buckets are placed in opposite sides of the 
centrifuge ; this elementary principle must be observed rigidly, both for the 
sake of the centrifuge and for satisfactory packing. Centrifuge at a high 
speed — 2,500 to 3,000 revolutions per minute — until there is no further packing 
of the red cells. 


The maximum time required for complete packing of the red cells must be found 
out by a few preliminary experiments. This will depend to a great extent on the 
centrifuge machine. 

# 

The tubes are first spun for 20 minutes at a high speed, the actual speed being 
noted ; they are taken out and the readings taken ; they are again spun for another 
5 minutes and the readings again taken. The process is continued until there is 
no difference between two consecutive readings — the time at which the first of 
these two readings was taken is the time required for complete pacldng of the cells 
as there was no further packing. The mean time in minutes for 10 to 20 such experi- 
ments is taken as the time required for complete packing of cells with that particular 
centrifuge machine at that particular speed. However, in all subsequent examina- 
tions a little extra time, say 6 minutes, should be allowed over and above the mean 
tune determined. 


Generali} , the cells arc fully packed' if the tubes are spun for about 20 minutes 
m a centrifuge machine at a speed of 2,500 to 3.000 revolutions per minute, but it is 
safer to allow 30 minutes. 


Ihc tubes are now taken out of the buckets and with a hand lens the 
-J” T, s °" the , t,! ! )e corresponding to the level of the packed red cells is noted ; 
- the top level of the serum is checked. If this is at the mark 100, then 
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the red cell reading can be translated directly into a percentage, but if it is 
more or less than 100 the percentage figure must be calculated making an 
allowance for this fact. 

Example . — If tho top of tho scrum is at tlio 102 level and tho rod colls at 42, tho coll volume 

. 100 

is X 42 = 41*17 per cent. 

With leukmmic blood it is almost impossible to read the top level of the 
red cells accurately and therefore it is difficult to ascertain the correct cell 
volxime. 

Anti-coagulant . — This has been discussed above (p. 36), but perhaps we should 
again mention that, if the isotonic mixture of potassium and ammoni um ^ which we 
recommended, be used, no shrinkage will occur. 

On the other hand, if potassium oxalate alone (0*2 per cent) be used, then a 
factor, X 1*09, must be applied to the cell volume before the corpuscular values 
are calculated. 

Example . — The uncorreated cell volume is 44 per cent; the correotcd coll volume will he 

44 X 109 = 47*90. 


Calculation of corpuscular values 

From the red cell count, the haemoglobin expressed in grammes per cent, and 
the corpuscular volume, certain absolute values can be calculated. 

These values are : — 

( 1 ) the mean corpuscular volume (MCV), 

( 2 ) the mean corpuscular haemoglobin (MCH), and 

( 3 ) the mean corpuscular haemoglobin concentration (MCHC). 

Mean corpuscular volume 

This is the mean, or average, volume of a single red cell. 

It is expressed in cubic microns (cu.p) and is obtained by /the following 
method : — t . r\ - 

Volume of paoked red cclla in o.om. per 1,000 c.om, of blood 

J.VLOV Bed colls in millions per c.mm. 

Example. — Corpuscular volume = 40 c.om. per 100 o.om. of blood. 

Bed cells count = 6,000,000 per o.cm. 

Mean corpuscular volume = — = .80-0 cubio miorons (on.p). 

Mean corpuscular hemoglobin 

This is the average haemoglobin^ content of a single red cell expressed in micro- 
microgrammes ( 77 ). 

N, ap 6 
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It is obtained by the following method : — 

, rr Haemoglobin in gr amme s per 1,000 e.cm. o f b lood 

MOM — - C ells in millions per o.mm, 

Example. — Haemoglobin = 14 grammes per 100 c.cm. of blood. 

Hod cells = 5,000,000 per o.mm. 

Menn corpuscular haemoglobin = * = 2S’0 yy. 

Mean corpuscular hemoglobin concentration 

This is the mean, or average, of the hremoglobin concentration in each cell, and 
is expressed as a percentage of the cell contents : — 

lUPW Haemoglobin in gram mes per 100 c.om. of blood v lOfl 

Volume of pocked colls in c.cm. per 100 c.om. of blood 

Example .— Haemoglobin = 14 grammes per 100 c.om. of blood. 

Corpuscular volumo = 40 c.om. 

14 

Mean corpuscular lncmoglobin concentration = ^ X 100 = 35'0 pot cent. 

That is to say, in this instance 35 per cent of the cell substance consists 
of haemoglobin. 

The great advantage of these mean values is that, in calculating them, it is not 
necessary to decide on any arbitrary normal, as one does in calculating indices, e.g. 
the colour index, for arriving at which one nsually considers 5,000,000 red cells per 
c.mm. and 100 per cent haemoglobin to be the normal values. “Unqualified, a colour 
index is a meaningless expression as even if the above normal values have been 
taken, it is still uncertain what 100 per cent haemoglobin means ( vide p. 39). If 
later one decides on the normal values for the particular population, then it is a 
very simple matter to calculate the colour index. 

Example. — MCH of the particular caso = 35yy. 

Mean MCH of tlie population = 30yy. 

Colour index (Cl) =11 = 1*10 = 1*17. 

Similarly, the volume index and the saturation index can be calculated from 
the MCV and MCHO, respectively. 

There is in our opinion little point in calculating these indices, and we 
recommend workers to get into the habit of thinking in terms of mean corpuscular 
values instead of indices, just as they should get into the way of thinking in terms 
of grammes of hremoglobin instead of percentages. 

Normal values.— -There are undoubtedly different normal values for different 
populations. We will consider mean corpuscular volume first : Whitby . and 
Britton give 86 as the mean, with the range from 80 to 94, but neither these writers, 
nor the majority of others who give a 1 normal range make any attempt to explain 
what they mean by the ‘ normal range \ . They can scarcely mean that all normal 
observations fall within the range, biit they do not specify what percentage' of 
observations may be expected to fall within it. If one gives the mean (m) and the 
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standard deviation (sd) of a number of observations, tliat at least does mean 
something definite, namely that two-thirds of the observations will fall between 
m -f sd and m — sd, and that 19 out of 20 will fall between m-f-2 X sd and 
m — 2 X sd. 

The last figures seem reasonable ones for practical purposes and can certainly 
be applied amongst Inemopoietically more stable populations than we usually en- 
counter in India, but in most of our populations it provides too wide a range. Even 
for our Calcutta scries in which the mean is 90'49 cu ./*, the range would be (90 *49 
+ 2 X 7*90 — ) 306*29 to (90*49 — 2 X 7*90 =) 74*69, or in round figures from 75 
to 106 : this is too wide to be considered a normal range, though the mean is close 
to that given by other workers. On the other hand, some of the Assam, so-called 
normal, populations have a very low MCV, and if the same rule were applied the 
range would be ridiculously low, e.g. 57*21 to 85*37 cu./* in the first Assam series 
quoted, bat there is evidence in this case that the whole population is suffering 
from a degree of iron-deficiency anosmia ; therefore, as the figures are not based 
on a truly normal population, this rule cannot be applied. 

It is obvious that no hard and fast rule can be laid down. "Whenever possible,, 
it is best to examine normal individuals of the population concerned, and, where one 
can be certain of excluding most of the cases of sub-clinical blood dyscrasia, to 
calculate the range from the mean plus or minus twice the standard deviation. 
Otherwise, 80 to 100 cu./i may be taken ns the normal range for general use in India. 
That is to say, any figure below 80 cu.p may be taken as indicating microcytosis 
and any above 100 cu./* as indicating macrocytosis. 

Similarly, for the mean corpuscular htemoglobin, on the Calcutta figures the 
normal range should be 28*53 ±2 X 2*33 = 23*91 and 33*14, or roughly 24 to SZyy. * 
This is in our opinion a good normal range for general nse in India ; any figure below 
Myy indicates hypochromia and any above 33yy hyperchromia. 

Finally, a good range for the mean corpuscular haemoglobin concentration is 
30 to 35 ; this is not based on any of the data quoted, for reasons into which we 
need not go now, but on our general experience. 


O 


Hyperbilirubinaemia and van den Bergh’s test 

Bilirubin is normally present in small quantities in blood plasma and blood 
serum ; their yellow colour is in part due to this substance. 

to eulphanilic acid and sodium nitrite were added 

Tim roonfi ° n - bl 'l ubin ’ a bluish-violet substance, azo-bilirubin, was formed. 
1 in l.SoVoot) 3 SPeWfiC V6ry delicate 5 wUl s bow bilirubin in a dilution of 

of ° f tbese observations, not only to test for the presence 

an excess of bdirubm, but to draw certain conclusions from the nature of the 
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result. His original claims are now questioned, but bis general conclusions hold 
good and form the basis of the test which we are describing. 

Bilirubin is a by-product of hromolysis. It is normally present in the blood 
in a dilution of about 1 in 400,000 or 0’25 mg. in 100 c.cm. of blood. It is excreted 
via the bile ducts after passage through the parenchyma cells of the liver ; during 
its passage through the liver cells the blood bilirubin loses its protein molecule. If 
the passage of the bile is obstructed (obstructive jaundice), the bilirubin from the 
bile canaliculi is reabsorbed into the blood stream ; this bilirubin, stripped of its 
protein molecule, reacts readily with the diazo reagent and gives what is known 
as a direct reaction. 

In conditions of excessive hiemolysis and /or liver dysfunction, the amount of 
bilirubin present in the blood naturally increases ; the diazo reagent does not react 
with this blood bilirubin immediately but only after it has been in contact with it 
for some time— -this is sometimes known as a delayed direct reaction, but this reaction 
is not usually taken into consideration as it has no special significance beyond that 
covered by the indirect reaction which is clearer cut and susceptible to quantitative 
appraisement (v. i.). However, if the serum is first treated with alcohol and ammo- 
nium sulphate, the protein is precipitated and then an immediate reaction occurs ; 
this is known as the indirect reaction. 

A third type of reaction is that in which there is an immediate faint colour 
which steadily increases, indicating that both forms of bilirubin are present ; this 
is known as the biphasic reaction. 

The technical details of the test have been modified many times and it is done 
in a number of ways in different laboratories. Godfried (1935) recommends the 
method described by Thannhauser and Andersen (1921) ns the most suitable for 
clinical purposes ; this is the method that we follow in our laboratory. 

Apparatus required 

(i) Graduated pipettes, 1 o.cm., 2 c.cm., 6 c.cm., and 25 c.um. 

(ii) Small test-tubes, 4 inohes by £ inch. 

(iii) Centrifuge tubes, 

(in) Small glass beakers or flasks. 

(t>) Capillary pipettes with rubber teats. 

(vi) Centrifuge machine. 

(tu'i) Sealed cobalt sulphato standard tubos. 

(inti) * A Lovibond comparator with the coloured disos for bilirubin. 

Reagents 

Alcohol— absolute and 90 por cent, 

Saturated solution of ammonium sulphato ; this is prepared by dissolving an excess of ammonium 
1 sulphate in hot water (so that some undissolvod salt is left at the bottom). . 

Normal saline. ' ' ... 


* The comparator can bo obtained from British Drug Houses, London, but stooks are now 
available at this company’s depots in India, Imperial Chomieal House, Ballard Estate, Bombay or 
o/o H. S. Qnrk, Kent House, 33, Mission How, Caloutta. ■ - • 
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Diazo reagent. 

(A) Snlplianilio aoid— 1 gramme. 

Concentrated, hydrochlorio acid— 15 o.om. 
Distilled water 1,000 o.om. 

(B) Sodium nitrite — 0‘5 gm. 

Distilled water 100 c.cm. 


Stock solutions of (A) and (B) are made. Separately, they keep well for a 
long time. 

The test can be done either with the scrum or plasma. When the cell volume 
is also beiug estimated, the supernatant plasma in the cell-volume tubes, after the 
packing of the red cells, is quite sufficient for the test. When the test is done by 
itself, 3 cubic centimetres of blood is drawn and placed in a dry test-tube or an 
oxalated test-tube. 


The blood is collected in the usual way, and even the slightest htemolysis must 
be avoided [vide supra). Preferably, the blood should be collected in the fasting 
state as it is claimed that food intake, especially a big meal of carbohydrate and 
fat, affects the level of serum bilirubin. The specimen must always be examined 
within 2 hours, as otherwise paradoxical results may be obtained. 

Technique .— Prepare the diazo reagent by mixing 10 c.cm. of (A) and 0'3 c.cm. 
of (B) in a small flask or beaker. 

This mixture must be prepared just before use and must never be used later 
than one hour after it is made. 


Pipette off the clear supernatant plasma from the cell-volume tubes. 

Direct reaction . — Take exactly 1 c.cm. of plasma in a centrifuge tube. 

Add exactly 0'5 c.cm. of diazo reagent, and mix well. 

One of the following things may happen : — 

[i] Direct reaction — The mixture becomes reddish-violet within 30 seconds. 

(ii) Biphasic reaction — The mixture becomes slightly reddish at once and 

the colour gradually increases in intensity and becomes reddish- 
violet. 


[Hi) Negative result — No change of colour occurs within 10 minutes. 

Indirect reaction. — If no change occurs (in), add to the mixture of plasma and 
lazo reagent 2‘5 c.cm. of alcohol (absolute or 96 per cent), and l’O c.cm. of 
saturated solution of ammonium sulphate. 

Mix well by inverting the tube, allow it to stand for about 2 minutes, and 
centrifuge for 5 to 10 minutes. 


, P osl tive indirect reaction is indicated by the supernatant fluid becoming 
jirpcpni “.TO 1 ®. ^tensity depending on the amount of bilirubin 
. t S v Ubm ! s P res ent in normal blood, a faint violet colour nearly always 
wars , such a react™ ohvioocly no pathological sigoificra 


ance. 
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Quantitative indirect reaction. — It will be clear that some form of quantitative 
estimation is essential. Many elaborate methods which require special apparatus 
have been devised, but a fairly accurate estimation of the bilirubin content can 
be obtained by carrying out the test in the way described above and comparing 
the supernatant fluid with a prepared standard or with a permanent colour 
standard. 

(i) Comparing the supernatant coloured fluid with the cobalt sulphate 
standard (2*161 per cent) has given the most satisfactory colour matching in 
our hands. 

Preparation of the cobalt standard solution. — Dissolve 2*161 grammes of 
anhydrous cobaltous sulphate in 100 c.cm. of distilled water. The colour of this 
solution corresponds to that of 1 in 200,000 bilirubin or 0*5 mg. of bilirubin per 
100 c.cm. Solutions equivalent to 0*4, 0*3, 0*2, 0*1 and 0 05 mg. per 100 c.cm. 
are made by diluting the original solution. 

About 2 c.cm. of each of these solutions is put into tubes made of hard glass. 
The tubes are then sealed, numbered, and kept in the dark, and are brought out 
only when required. Properly stored, the solutions retain their colour for a fairly 
long time. In our laboratory, we did not find any difference in colour in solutions 
which were in daily use for over six months, when these were compared with 
freshly prepared solutions. 

Technique for the rise of coball standard solutions. — Take about 2 c.cm. of the 
coloured supernatant fluid in a tube having identically the same bore as the standard 
tubes, and compare its colour in a comparator with the cobalt standard tubes. The 
figure on the tube giving the correct matching with the supernatant fluid multiplied 
by four gives the bilirubin value of the undiluted serum, for the dilution of the 
serum in the supernatant fluid containing azo-bilirubin is 1 in 4 and not 1 in 5, 
because the saturated ammonium sulphate remains as a separate layer and does 
not contain azo-bilirubin. 

If the supernatant fluid is of a deeper colour than the cobalt standard tube 
marked 0*5, dilute the supernatant solution with normal saline (dilution with 67 
per cent alcohol which is recommended makes the solution' hazy and difficult to 
match) until it matches one of the cobalt standard tubes. Note the dilution required 
to match and calculate the amount of bilirubin in the specimen. 

Example . — One cubic centimetre of supernatant fluid was taken, to whioh was added 1 cubic 
centimetre of normal saline to match the tube marked 0*4. 

First dilution of serum in the supernatant fluid is 1 in 4. 

Second dilution to match tho colour is 1 in 2. 

Therefore, total dilution is £ X & = $. 

Then the original plasma contained 0*4 X 8 = 3*2 mg. of bilirubin per 100 o.cm. 

(it) Lovibond comparator. — Quantitative estimation of the indirect van den 
Bergh reaction can be simplified by the use of a bilirubin disc in the Lovibond com- 
parator. The disc contains coloured glass standards marked 0*2, 0*4, 0*6, 0*8, 1*0, 
1*25, 1*50, 1*75 and 2*0 mg. which arc calibrated in such a way. that, when the test 



72 


Ancemia in Pregnancy in India 


is done in the way described above, the matching with any of the discs gives 
directly the result for the undiluted serum (figure 11). 

Technique for the use of the comparator . — Fit in the disc marked 1 bilirubin ’ in 
the Lovibond comparator. Transfer the coloured supernatant fluid to the right- 
hand tube of the comparator. A tube of distilled water should be put behind the 
hole showing the coloured glass. Hold the comparator against a source of light 
( syhghl is much better than any artificial light). Rotate the disc till a correct 



Etc. 11. 

Lo\ ibond comparator with the bilirubin diso Bilirubin diso for the Lovibond 

and tubes m position. _ comparator. 


colour match is obtained ; the number that is visible indicates the bilirubin value 
figure ^ ei ^ c,cm ' undiluted serum or plasma, e.g. 0'8 mg. in the above 


r 0UT of ,^ e su pematant. fluid appears to lie between two conse- 
value is recorded 1B ° S ^ doesnofc exac % match either of them an intermediate 

fluid I liw! UrU J )in ,. Value ® Xcee ^ s 2 mg. per 100 c.cm., dilute the supernatant 
glasses. McSate thTkT * 1 “ OOIreot m “ tdl is ot>Wne(1 "* h °» of t1le colooied 

tk« dilution feto m Tahe b ? multi P'5*>S »uml»r '■? 
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Table TUI 

Shouting the normal bilirubin, according to different observers 

— 1 

BimUniN IN MTIiLTOItAMMES 
mi 100 G.CM. or I'LASMA 
I on serum 

Author 


i | 

1 Rango j Moan | S. D. 


J 

van den Bergh (Vaughan and Haslowood, ! 
1938). I 

O-OS-O‘2-1 

• • 

• ■ 

Greene cl at. (1925) 

0-3-2-0 

” i 

• « 

Perkin (1927) 

0-05-0-35 

• « 

1 

• • 

1 

Barron (1931) .. •• ** 1 

. 

0-1-0-24 

I 

1 

• • 

• • 

Ulton (Vaughan and Haslcwood, 1938) . . 

0-0-0-25 

! 

• • 

•• 

Vaughan and Hnslewood (1938) 

0-2-1 -7 

0-54 

± 0-25 

Mills and Mawson (1938) 

o-i-i-o 

0-31 

± 0-1G 

Napier and Das Gupta (1941) 

0-0-1 -o 

0-20 

± 0-23 


Icterus index 

Like tlie van den Bergk reaction, the icterus index is a measure of the bilirubin 
content of the blood. Though the test is simple to carry out, it does not give all 
the information which is obtained by the van den Bergh test. 

Principle of the test — The colour of the serum or plasma is compared with a 
standard solution of 1 in 10,000 potassium bichromate, which is taken as the unit. 


Apparatus required 

(i) Test-tubes in a rack. 

(ii) Capillary pipettes with rubber teats. 

(Hi) Potassium bicliromato solution 1 in 10,000 (to bo stored in the dark). 

(it,) Colorimeter of the Duboscq or Klett type. 

Technique . — Pipette off the supernatant plasma from the cell-volume tube 
after complete packing of the cells. 
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Dilute the plasm with an equal part, or with twice the amount of normal 
saline (more in cases of jaundice) ; dilution diminishes the cloudiness of the plasma 
and gives a better matching. 

Matching in the colorimeter.— Ihc following adjustments of the scales and 
of the illumination must always bo made each time before the colorimeter 
is used. 

(i) Adjustment of the scales. Gently raise the cups until the bottoms are 

in contact with the plungers. The readings should be exactly at 
0 on both sides. If they are not, they must be brought to 0 
by adjustment. 

(ii) Adjustment for uniform illumination. Half fill both the cups with 

the standard 3 : 10.000 potassium bichromate solution. Gently raise 
the cups until the bottoms touch the plungers — this will drive out 
any air bubbles that may be in the fluid. 

Now slowly bring down the cups and set them at an equal depth, say 15 
millimetres. Adjust the reflector in such a way that the same amount of light 
is reflected up through each cup. 

Slight adjustment of the eyepiece may be necessary, if both halves of the field 
do not match exactly. 

Taking a reading .— Keep the cup on the left side at a depth of 15 millimetres. 

Take out the cup from the right side, throw out the potassium bichromate 
solution, wash the cup and plunger in water, dry well with soft linen. Put the 
diluted plasma into the cup and replace it on the right side of the colorimeter. 
Gently raise the cup until its bottom touches the plunger. Now move this cup 
containing the plasma up and down until a perfect match is obtained ; take a 
reading. Move the cup up or down and again adjust it to match ; take another 
reading. 

Take the mean of three independent readings. 


Calculation 


Icterus index = Siding of standard bic^mate .solution dilution {actor . 

Reading of diluted plasma solution A uuu 1 
Example. One part of plasma is diluted with two parts of normal saline. 

Iho cup containing the standard solution is at 15 mm. 

The cup containing tho unknown plasma matohes the standard ot 5 mm. 

Icterus indes = ~ x 3 = 0. 


B. Matching in tubes . — In the absence of a colorimeter, results sufficiently 
satisfactory for clinical purposes may be obtained by matching the plasma or 
serum diluted with normal saline against the standard 1: 10,000 potassium 
bichromate solution. 
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Take two test-tubes of equal height and calibre. Into one put about 5 to 
10 c.cm. of standard potassium bichromate solution. Into the other put 1 c.cm. 
of plasma and add measured amounts of normal saline from a graduated pipette 
until the colour matches the standard. 

Calculation . — The dilution of the plasma required to match the standard 
potassium bicliromntc solution gives the icterus index. 

Example . — To 1 o.cm. of plasma was added 7 o.om. of normal salino to match tho standard. 

Dilution of tho plasma is 1 in 8. 

Therefore, icterus index ~ 8. 

C. Matching in a Lovibond comparator . — If this comparator is available, it 
is an inexpensive matter to obtain an icterus index disc. The undiluted serum or 
plasma is placed in the right-hand tube and matched directly against the colour 
standards in the Lovibond comparator. When a correct matching is obtained, 
the icterus index is read from the right-lmnd corner of the comparator, as in the 
case of the van den Bergh test (vide figure 11). 

The normal icterus index is 4 to 7. 

Discussion . — The significance of the van den Bergh test in hasmntological 
investigation is that it gives a broad indication as to whether the amemia is due to 
excessive blood destruction or deficient blood formation. 

In the true haemolytic anaemias tho test always gives a high reading, 2'0 milli- 
grammes or more, in iron-deficicncy ahromias it is within normal limits, and in 
aplastic anaemias it may be completely ‘ negative ’ (in the normal individual there 
is usually a faint violet coloration of the scrum). 

In pernicious anaemia a reading well above the normal range is usual for 
though it is not a true haemolytic anaemia, the deficiency of ‘ luemopoictin ’ lends 
to the formation of abnormal cells which are very susceptible to destruction by the 
normal haemolytic tissues. 

In tropical macrocytic anaemias, in a large number of cases, especially in those 
with enlarged spleens, the test is much above the normal range and in a small 
number of cases the test is well within the. normal range. 

It is not, however, an absolute indication, either of excessive blood destruction 
or of deficient blood formation, ns, for example, in an acute malarial attack, when 
there may be enough red cells destroyed to lower the red cell count a million or 
more cells per c.mm., the van den Bergh often remains within normal limits for 
the liver cells are able to excrete this temporary excess of bilirubin in the blood 
but if the red cell destruction is continued the bilirubintemia will inevitably 
rise above the normal range and a ' positive * indirect van den Bergh reaction 
will result. 

.On the other hand, in liver dysfunction, not necessarily accompanied by 
anaemia, a positive van den Bergh may be found, for the liver cells are unable to 
_ utilize the products of normal haemolysis. 
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The making and staining of blood films 

Properly made and well-stained blood smears are essential for the white cell 
differential count;, the enumeration of the nuclear lobes of neutrophil polymorpho- 
nuclears, as in the Arueth and Schilling counts, and also for the determination of 
the red cell ante by the Price- Jones method. 

For ordinary work, blood films are made on 3-by-] -inch glass slides and for 
special studies on 2-cm.-square covcrslips : only new slides and coverslips should 
be iiocd if this is possible. The slide and the covcrslip must be thin, completely 
transparent, scrupulously clean, and free from grease and dust. 


Gleaning glass slides and coverslips 

Place the slides and coverslips in sulphuric-acid-bichromate mixture* and 
allow them to remain for 24 hours ; this mixture should be kept in a large 
jar for the slides and in a small one for the coverslips. Decant off the cleaning 
mixture into another similar glass jar, which is then ready for use again. Transfer 
the slides or coverslips to a shallow enamelled tray or a big petri dish, and place 
this under a tap for 3 to 4 hours, stirring from time to time with a glass rod. 
Finally, wash with distilled water, dry with a piece of soft linen, and put them in 
a jar of absolute alcohol for 24 hours (methylated spirit may be used as 
a substitute). With a pair of forceps take out the slides or coverslips one 
by one, allow the excess of spirit to drain off, flame in a bunsen or spirit lamp, 
clean again with soft linen, and store in a dust-proof container — in a slide box 
for the slides and in a small petri dish for the coverslips. These are now 
ready for use for all ordinary work. 


Polishing the slides 

For special work, polish one side of a slide, cleaned as above, with jewellers’ 
rouge for 2 to 3 minutes, clean with soft linen (selvyt cloth or silk is the best for 
this purpose), mark the polished side with a glass pencil, and store for future use 
in a dust-proof container. 


(A) Spreading the film in y HE routine use of venous blood 


(i) On slides .— Put a few 
collect the blood from a vein 


polished slides on a flat surface. With a syringe 
(vide supra). Before putting the blood into the 


* Concentrated sulphurio acid 100 0 . 01 U. 

Water 1Um bichromate (P°wdcred) " “ 100 gm. 

" Kt ‘ ■* •• .. .. to 1 litre. 
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oxalated flask and while the needle is still attached to the syringe, put a small drop 


of blood on to the middle of the slide, i 
edge of another slide, with the corners 
cut off so that the spreading edge is 
narrower than the slide, or better still 
of a spreader (hcemoeytoineter cover- 
slips make excellent spreaders on 
account of their smooth narrow edge), 
to the middle of the glass slide, slide 
it along until it makes contact with 
the drop of blood which will now 
spread along the edge of the spreader 
(slight lateral movement will accelerate 
this), then with the spreader at an 
angle of about 30° to 40° to the slide, 
push tlie spreader with the blood 
following it along the slide and raise 
the spreader abruptly just before the 
whole drop of blood has been used up. 
The film should be dried quickly by 
waving it in the air, or under an 
electric fan. An ideal film should 
occupy the middle third of the slide, 
should be of uniform thickness, should 
not haVe any tails, and when viewed 
under the microscope the red cells 
should just touch one another and 
there should not be any rouleaux 
formation anywhere on the slide. 


little away from the end. Apply the thin 



\ 

\ 


Figure 12a shows a satisfactory 
film but with ‘ tails and figure 1 2b ' 
a good film with a straight ‘ leucocytic • 
edge \ They were drawn from above 
downwards. Figure 13 shows the 
low-power view of a satisfactory 
leucocytic edge; the leucocytes are 
actually discrete though the photo- 
graph scarcely gives that impression. 

The important points aro a per- 
fectly clean slide, a good spreader, 
and a drop of blood of the right size ; 
this last can only be gauged by trial 
and error, but compared with the size 
of the drop required from a normal individual, a larger drop will be required from 
an aneemic patient and a smaller drop from one with polycythccmia or leukmmia 
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(ft) On coverslips . — Place a few clean covcrslips on a flat even surface. 
Proceeding as in (i) put a very small drop of blood on the centre of a coverslip ; 
place another clean coverslip of the same size on the top of the drop of blood in 
such a way that the sides of the two coverBlips arc not opposed (see figure 14). If 
the two coverslips are clean, the blood will spread uniformly 
between them. Now draw opart the coverslips quickly but 
gently, and dry them quickly by waving them in the air or 
under an electric fan. 

(B) From capillary blood from the finger 

OR EAR LOBE 

Prick the finger or car lobe fairly deeply with a sharp 
surgical needle or with a blood gun, so that the blood flows 
freely from the wound. Apply the surface of a clean slide or 
coverslip to a small drop of blood and proceed ns in A (t) or (it). 



Comparing the two methods 

The method of choice is in our opinion the slide smear. The advocates of the 
coverslip method claim that it is the only way to obtain an even distribution of 
cells and that consequently reliable differential counts can only be made from 
coverslips. On the other hand, it is much easier to make a good film on a 
slide, and, if the whole drop of blood on the slide is utilized in making the 
Bmear and this drop is a small one, examination of such a smear will give as 
reliable information as examining a coverslip smear, the preparation of which 
demands considerable dexterity. 


Staining blood films 

All blood smears should be stained within 24 hours. If the smears cannot 
be stained immediately they must be fixed with methyl alcohol and stored in a 
dust-proof slide box for staining at a later date. The unstained slides must 
never be left uncovered on the working table as blood is readily eaten by flies 
during the day and by cockroaches at night. 

Romanowsky stains are used for all blood work. The most commonly used 
stains are those originated by Leishman, Wright, Jenner, and Giemsa, All these 
stains depend for their action on the compounds formed by the interaction of 
methylene blue and eosin, and the differences between the various stains are 
due to the proportion of the two stains. Excepting Giemsa’s stain, the 
fluid stains are prepared by dissolving the dry powder in acetone-free pure 
methyl alcohol, so that a preliminary fixation with methyl alcohol is only 
required m the case of Giemsa’s stain. Leishman’s and Wright’s stains are 

used in the strength of 0-15 per cent, and Jenner’s stain in the strength of 
0*5 per cent. 
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Preparing Leishnan's, Wright's and Jenner's stains 

Stains in powder or tablet forms and extra-pure acetone-free methyl alcohol 
for dissolving the stains should he obtained from some reliable firm. We have 
found the Giirr’s* stains to be very satisfactory. 

All the glassware used in preparing the stains and in storing them should be 
scrupulously clean, and free from any trace of water ; they should be rinsed first 
with absolute alcohol and finally with a little methyl alcohol. 

Take the requisite amount of stain in powder or tablet form in a small glass 
mortar. Measure out the requisite amount of methyl alcohol in a graduated glass 
cylinder. Pour out about 2 e.cm. of methyl alcohol on the stain and grind well to 
make it into a thin paste. Add in small quantities at a time about half the total 
amount of methyl alcohol, grinding all the time. Carefully decant the supernatant, 
dissolved stain into a clean glass stoppered bottle. Add more methyl alcohol to 
the undissolved stain, grinding as before. Again decant the supernatant stain 
into the bottle, continue the process until all the methyl alcohol is used up. If 
this is properly done all the stain will go into solution and no residue will be left 
at the end. Incubate tbo bottle uith the stain at 37°C. for 24 hours when it will 
be ready for use. 

(A) Staining with Leishman’s, Weight’s or Jenner’s stain 

Reagents and apparatus required 

(i) Prepared stain, preferably in a drop bottle. 

(ii) Distilled water (pH 7'0), or buffer solution with pH of 0 - 4 and made with acid 

monopotassium phosphate and disodium phosplmtnt. 

(fit) Fresh distilled water wldoh is slightly acid in reaction. 

(to) Staining rack. This can bo made with plnslicino and a pair of glass rods of equal sizo and 
thickness, and may bo placed nt one end of a sink away from the water tap, or on a 
reotangular onnmcllod tray placed near a tap. 

Glnss beakers, cylinders, a pair of forceps, capillary pipettes, teats, oto. 

Technique . — Put the slides on the staining rack taking care that the side with 
the blood film is upwards ; also see that the two ends of the slides are in the same 
plane. 

From a drop bottle, or with a pipette, pour on sufficient stain to cover the 
whole of the film ; wait for one minute to allow for proper fixing ; with a capillary 
pipette now add distilled water (pH 6-8 to 7'0) or the buffer solution— the same 
volume in the case of Leishman’s and Wright’s stains but double the volume in 
the case of Jonner’s stains. With a capillary pipette or glass rod thoroughly mix 
the stain with the diluent to ensure a uniform mixture over the film. 


* Gcorgo T. Gflrr, 130, Now Kings Road, London, S.W. 0, England, 
t Monopotassium phosphato .. .. O’OScm. 

Anhydrous disodium phosphato .. .. .. 2'CO cm 

Distilled water .. .. .. .. up to i litre. 

Add I c.om, of chloroform us preservative. 
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When the mixture is allowed to settle, a scum will form on the top, if the 
proportion of the slain and diluent lias been correct. According to the depth of 
staining required, allow the diluted stain to act for 5 to 10 minutes, in the 
case of Leishman’s and Wright’s stains, and 3 to 5 minutes, in the case of 
.Tenner’s stain. 

The diluted or undiluted stains on the slides must not be allowed to dry up 
at any stage of the staining. Drying is prevented by .covering the staining rack 
with a wide bell-jar, or other improvised device*. 

When 1 he staining is complete, hold one end of the slide firmly with a pair of 
forceps, and place the stain-flooded slide under a running tap. This will wash 
off all Die stain from the upper surface, while the bottom is cleaned by rubbing 
it. well with the fingers of the left hand. The slide is now transferred to the beaker 
containing fresh distilled water and gently shaken to and fro until the colour of 
the smear becomes faintly pink. Now take it out of the beaker, wash again under 
the tap and allow it to dry. In order to dry it without allowing dust to adhere to 
the stained surface, the slide should be sloped against a vertical surface, e.g. a 
wall or the side of a box, with the film side inwards. (It is scarcely necessary 
to point out that heat should not be applied to a blood film at any stage in its 
preparation.) 

Wien it is dry the slide is ready to be examined. 

(B) Staining with Giemsa’s stain 

Note . — It is more difficult to prepare this stain and it is better to purchase it 
in solution. Giemsa’s stain as prepared by Giirr is very satisfactory. 

In staining with Giemsa’s stain, preliminary fixing with methyl alcohol or 
some other fixing stain is absolutely necessary. 


Preparing dilute solution 

Take about 20 c.cm. of prepared distilled water (pH 7*0) or buffer solution in 
a clean transparent glass cylinder, add 20 drops of undiluted stain, or in other 
words as many drops of stain as there are cubic centimetres of water. Mix well 
by inverting the cylinder and see that the depth of colour of the mixture 
is such that, when held in front of the eyes, it allows a distant object to be seen 
through it. 

(i) Place the slides to be stained on a staining rack, flood the slide with methyl 
alcohol and cover -with a bell-jar, so that the methyl alcohol does not dry up on the 
slide. Allow the methyl alcohol to act for about 2 minutes, remove the bell-jar 
and thoroughly wash the slide with distilled water. 


• ^ seldom ba necessary in humid climotes e.e. of Bengal and Assam, except 

Ib as K Egypt®’ £ imperative i^drior provtaccs In India, and" in other dry countries 
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Now flood tlio slide with the diluted stain, cover with a bell-jar, and allow 
the stain to act overnight. Next morning wash and dry the slide as in A. 

(ii) Combined staining with Leishman’s, Wright’s or Jcnner’s and Giemsa’s . — 
This is done exactly in the same way as in A but substituting very dilute Gierasa’s 
stain (1 drop in 2 c.cm.) as the diluent in place of distilled water or buffer 
solution. 

(in) Combined staining with May-Griinwald* and Gicmsa. — Pour on undiluted 
May-Griinwald’s stain just sufficient to cover the slide, place a bell-jar over the 
staining rack, allow the stain to act for 2 to 3 minutes, remove the bell-jar, 
and add an equal amount of neutral distilled water (pH 7). Allow the diluted 
stain to act for 5 to 10 minutes according to the depth of staining desired, wash 
thoroughly with neutral distilled water and then flood the slide with dilute 
Giemsa’s stain to act for 15 to 30 minutes according to the depth of the 
staining desired, and wash and dry as in A. 


Methods used in our laboratory 

For all ordinary work Wright’s staining method is used, and for special work, 
e.g. examining smears from the marrow, counting the nuclear lobes in Arneth and 
Schilling counts, combined May-Griinwald and Giemsa’s staining are preferred. 
For, with the combined May-Griinwald and Giemsa’s staining, all the component 
parts of both mature and immature red and white cells arc very well shown. 


10 

White cell differential count 

When making a white cell differential count, one should attempt to fulfil 
the following requirements : — 

(i) The film should be uniformly spread and should be neither too thin nor 

too thick — the ideal film is one where the margins of the red cells 
when seen under the microscope just touch one another without 
overlapping (vide p. 77). 

(ii) The film Bhould occupy the middle two-thirds of the slide. 

(in) There should be no ‘ tails ’ at the end of the film. 

(in) The drop should be a small one so that the whole may be utilized in 
making the smear, as, if only a portion of a large drop is used, this 
portion may not contain a fair sample of the cells (e.g. the large cells 
tend to sink to the bottom of the drop). 


* t 

* This can bo purchased in solution and is available from G. T. GOrr (».>.). 


N, AP 
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(v) The cells should be stained well and there should be no debris in between 
or on the cells. 

A well-stained film showe- 
red cells— an orange-bufi colour, lymphocytes— with pale blue cytoplasm, and 
neutrophil granules — a dull lilac. 

Number of cells to be counted 

This will vary directly with the total white cell count, the higher the total 
count the larger is the number of the cells that should be counted to get a correct 
proportion of the different cells. The following rule may be taken as a guide, but 
need not be followed rigidly : — 

Count 100 cells when the total white count is below 5,000 per cm 

Count 200 cells when the total white count is above 5,000 per cm, but . 
beJpw 10,000. 

Count 300 cells when the total white count is above 10,000 per cm. but 
below 20,000. 

Count 400 cells when the total white count is above 20,000 per cm, 

The differential count should be done with an oil-immersion lens (one-twelfth) 
and a x 5 eyepiece with a x 10 eyepiece at hand. This magnification will enable 
one to see the details of the cells distinctly, but a higher magnification, given by 
the x 10 eyepiece, may sometimes seem desirable, ^e.g. in the case of doubt arising 
as to the true identity of a cell. In actual practice it will be found that one seldom 
changes the eyepiece. 

The microscope must be fitted with a mechanical Btage that allows easy move- 
ment in either the horizontal or the vertical plane. Northern daylight is preferable 
to artificial light, as it shows the true colour of the different cells. If artificial light 
has to be used a blue filter should be placed in front of the light itself or under the 
condenser of the microscope. 

. -Procedure. — Place the stained blood film on the mechanical stage of the 
microscope and fix it securely; with the low-power (two-thirds objective) make a 
rapid survey of the different parts of the film, to find out if the requirements 
mentioned above aTe fulfilled. If not’ it is recommended that another, properly 
ma do, film should be stained, for to attempt to make a differential count on an 
unsatisfactory blood film is laborious and irritating, and the result obtained is 
never accurate. 

If the hlood film is satisfactory, put a drop of cedar-wood oil on the 
smear, rotate the oil-immersion lens into position open the diaphragm fully 
and raise the condenser to get the maximum amount of light. With the 
coarse adjustment, lower the oil-immersion lens just to touch the stained film 
through the cedar-wood oil ; then, looking into the microscope, gently raise 
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the lens until the cells arc seen, and finally manipulate the fine adjustment until 
the focus is accurate. 

The distribution of the white cells in the different portions of the blood films 
depends on their size ; the larger and heavier cells, c.g. neutrophils, eosinophils, and 
large mononuclears, are mostly found along the edges and at the tail end of a smear 
while the smaller and the lighter cells, c.g. the lymphocytes, tend to occupy the 
middle of the film. 

Therefore, in order to get an absolutely correct differential count every cell 
in the blood smear on the slide, or on both the coverslips used in making the smear 
if the coverslip method is used, must be counted and classified, and the percentage 
calculated. This takes a long time, particularly if the smear is a large one ; it is 
therefore advisable to make as small a smear ns possible. 

A very small smear can be made by taking a large drop, until the corner of a 
f slide touching this drop, transferring a portion of it to another slide, and making a 
smear, but this must be done very quickly before the cells settle (v.s.). If the cells 
counted on a whole Binall smear are over a hundred, it is better to accept this than 
to supplement it by a counting pari of another film. 

Otherwise, a smear is made from a small (initial) drop and one of the methods 
suggested below is adopted. From neither of these methods will the error be very 
great. 

(t) Start counting at a point A, near the proximal end of the smear and along 
one edge, moving the slide longitudinally, counting and classifying the cells all the 
time, up to B which is beyond 
the end of the film ; move the 
slide the breadth of one or 
two fields to B' and again 
move back along the whole 
length of the film to C, which 
is beyond the proximal end of 
the film; move across to C' 
and then back again up and 
down the film. Continue to 
do this until about the middle 
of the film is reached, or until a sufficient number of cells has been counted, but 
always end the counting at the end of the film (vide figure 15 ). 

By thiB procedure you will have included one edge, arid one or two rows of 
fields from the rest of the film. The majority of the heavy cells are drawn to the 
distal end and only a few to the sides, so that the discrepancy will not be great 
if, after counting one edge, you count a little more or a little less of the rest of the 
film. On the other hand, it is important to finish at the end, so that you will 
have covered an even proportion of body and tail of the film. For this reason an 
exact figure should not be aimed at, but the point of stopping, like the point of 



Pio. 15, 
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starting, should be at one cud of the film. The percentages of the different cells 
are then calculated. 

Examph .— Suppotc that in making u differential white cell count of n blood film there are 141 
neutrophils, OS lymphocytes. 12 monocytes and 0 eosinophils, i.e. 225 cells altogether; 
tne percentage of the different cells nro calculated as follows 

141x100 

Aeutiophils =-- — £57: — = 02-0, or 02-7 per cent. 

„ , , 02X100 

Lymphocytes = - y 2 g~ - = 28-0 „ 

JO y, JQQ 

Monocytes = * 225 ~ c ' 3 or 63 » 

...... t) X 100 

hosmoplnhs -jog- =4*0 „ 

(it) Four-field meander technique. — Though this method is xeconnncuded in 
most textbooks we consider that it allows greater scope for individual variation 
iti procedure, and we prefer the previous method ; the method is as follows : — 

Eroro a point at the edge of the film move towards the centre of the film for * 
about four ‘ fields , then, using the other mechanical stage adjustment, move 

about four fields towards the 
proximal end of the film, then 
back towards and beyond the 
edge, move a few fields 
towards the proximal end, and 
repeat the process until 50 
cells have been counted and 
classified. This process should . 
be repeated in four different 
places at the edge of the film, 
on either side and neat each end of the film {vide figure 16). 



Recording the results 

Except in cases of leukromia and some rare pathological conditions, the types of 
white cell that are usually seen in the differential count of n peripheral blood film 
aie neutrophils, lymphocytes, monocytes, eosinophils, aud basophils, in the order 
of frequency in which they are encountered. As the slide is moved from one field 
of vision to another, the examiner must record both the total number and also the 
types of cell encountered. 


, This may be done in different ways : — 

n *•' -?* 16 method is to write down on a piece of paper the names of the 
cells m the order of frequency in which they usually occur in the peripheral blood 
and to put a vertical stroke against each name as that cell is seen in the field of 
vision, making the fifth stroke cross the other four so that the strokes are in 
groups of five and easily counted (vide example 1) When all the cells in the film, 
“ “ 7® ® ase i a lar ge film, in the area decided upon, have been counted, they 
are totalled, and the percentage calculated. F 
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Example. L- 


N - 

■ /W 

rw 

rw 

rw 

rw 

rw 

rw 

rw 

rw 

rw 

rw 

rw 

L - 

- rw 

rw 

rw 

rw 

rw 

rw 

M - 

- rw 






E - 

- rw 

l 





B ■ 

- / 







// 


= 68 
= 32 
= 5 
= 6 
= / 


tt Another method is to memorize the numbers of the two main cell types 
unttt one ofttic other typos is encountered, then to enter the count on your prepared 
list, and begin again (vide example 2). ^ 


Example 2. — 
Neutrophils 

Lymphocytes 

Monooytcs 

EosinophilB 

Basophils 


10 12 14 17 20 
4 3 5 8 5 

.. 111 1 

1 


4 10 14 1 20 10 

1 S 4 1 10 2 

.. 1 1 •• 1 •• 


132 = (W0 
61 = 20-3 
7 = 3'0 
3 = 1*6 
1 = 0-6 
104 


Tho numbers against each type am added and tin percentages enlnnlated. 

tit A onicker method, which can be learnt with a little practice, is to 

III. A qn different types of cell in the traditional sequence 

remember the numbers aild basophil until 25 cells have 

neutrophil, lymphocyt^rc ^ ; ype c0XU1 ted is entered against the respective 
been counted , t the required number of cells have been counted, 

arfnrcnntngos delated (aide example 3). 

“ Total. Pcrcontago. 


Example 3. — 

Neutrophils .. 
Lymphocytes 
MonooyteB . . 
Eosinophils . . 
Basophils 


18 

0 

0 

1 

0 


17 

6 

3 

0 

0 


10 

12 

2 

1 

0 


14 

8 

1 

1 

1 


10 

7 

2 

0 

0 


14 
0 
1 ' 
1 
0 


20 

4 

1 

0 

0 


11 

9 

3 

2 

0 


120 = 60-0 
60 = 30'0 
•13 = G-5 
6 = 3-0 
1 = 0*6 
200 


Method I is simple and fool-proof, hut slow ; method II is also simple and saves 
the repeated interruptions of method 1 ; method III is very popular, hut tends to 
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make one stop at a round number and thereby simplify the calculation, which is a 
procedure not in the best interests of accurate countings. 

In methods I and 'II, theoretically one has to stop periodically and add 
up all the figures to see if sufficient cells have been counted, but this can be 
obviated by the use of a mechanical counter, e.g. the Vecder-Root hand tally. 
The ‘ counter ’ fits nicely into the hollow of the palm and is conveniently kept 
in the left hand. The knob is pressed with .the thumb each time that a cell 
is seen and the numbers are at once recorded on the dial. The total number 
of cello counted at any time during the process of the differential count can 
be seen by simply looking at the dial of the counter. 

Expressing the results 

It is customary to express the result in the white cell differential count as a 
percentage of the various cells encountered, without any reference to the total white 
cell count. This does not always convey the full significance of the observation, 
and both percentage and absolute figures should be given. 

The absolute figures are readily obtained by striking out the last two zeroes 
of the total leucocyte count, or moving the decimal point back two spaces, and 
multiplying each percentage by this figure, as in the example given below : — 

Example.— (A fairly normal count). 

Total white cell count — 7,500 per c.mm. 

Differential while cell count— 

Total 


Neutrophils . , 



Per cent. 

. . 08-0 

per c.mm 
6,100 

Lymphocytes 

, , 

i • 

.. 24-0 

1,800 

Monocytes 

. , 

• « 

.. CO 

376 

Eosinophils . . 

• • 

• • 

.. 2'fi 

187 

Basophils 

• « 

. , 

.. 0-5 

37 


Now, if the patient were to take some toxic drug which reduced the 
granulocytes to a low figure, say to 540 per c.mm., but did not affect the other 
leucocytes, the total count would now be 2,700 per c.mm. and the percentages 


Neutrophils . . 



Per cont. 

19 

Total 
per c.mm 

613 

Lymphocytes 


• 

• • 

67 

1,809 

Monocytes 


• • 

.. 13 

3S1 

Eosinophils . . 


• * 

1 

27 

Basophils 


• • 

0 

0 


In this count the attention is attracted by the high lymphocyte and monocyte 
percentages, whereas actually these cell elements are normal and all that has 
happened is a decrease in neutrophil, 
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Again, in asthma there may be a sudden high rise in eosinophils which 
reduces considerably the percentage of neutrophils, even in cases where there 
has been an actual increase in this element, so that again a wrong impression 
is made. 

Therefore, a differential count should always be given in absolute figures as 
well as in percentages. 

Normal white cell counts . — The normal leucocyte count in an adult is usually 
given as 7,000 to .9,000 per c.mm. Some of our findings in Indian populations 
are given in Table IX. 

* Table IX 


Leucocyte counts in ' normal ' individuals 


Subjects 


Total leucocyte 
count 

Monocytes 

1 

i Eosinophils 

i 



llesidenco 







Number 

Sex 


Menu 

S. D. 

Mean 

S. D. 

Mean 

S. D. 

SO 

Males .. 

Calcutta 

6,542 

± 1,214 

700 

± 3-91 

0-90 

± 6-19 

128 

Females 

99 

7,162 

± 1,706 


• • 

5-16 

± 4-21 

24 , 

Males .. 

Assam 

8,166 1 

ri 2,660 
8,768 J 

9-441 

± 4-32 

13-76 j 

± 8-8 

17 

Females 

” 

8-36} 

13-74 J 

26 

Males .. 

Caohar 

7,111 

± 1,769 


• • 

. 

■ 

, . 

25 

Females 

99 j 

6,466 

± 1,765 


V 


*• 


It will be noted that the monocyte counts are all above the usual normal figure, 
but especially those in Assam, where malaria is very prevalent. The eosinophil 
figures are also high compared with European and American standards and they 
are exceptionally high in the Assam population, where the hookworm infection 
rate is nearly 100 per cent. 

From records of 114 normal females in Calcutta in which the full differ- 
ential counts are available, we have calculated the following means : 


Percentage. Per o.mxo. 


Neutrophils . . 

• • • • 

62-6 

4,607 

Lymphocytes 

• • « • 

.. 26-9 

1,937 

Monooytes . . 

• • • • 

5-5 

' 390 

Eosinophils . . 

• • 00 * 

.. 4-8 

346 

Basophils . . . 

■ • *1 

m 0*2 

14 
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Cell identification 

The first.' essential for accurate identification of tlie cells of tlie blood or 
marrow is a satisfactory and properly stained blood film. A well-stained film 
should show no precipitate on or between the cells, the red cells should 
stain an orange buff, the neutrophil granules a dull shade of lilac, and in the 
monocyte the so-called * azurophil granules ’ should just be visible— -with any of 
the Romanuwsky stains. 

The following system is recommended for the identification of different cells. 

Grannies.— 'First, ascertain whether the cytoplasm of the cells contains any 
granules, or not. If there are granules, decide whether the granules are neutro- 
philic, eosinophilic, or basophilic. 

_ Neutrophil granules are small, uniform in size, uncountably numerous, and 
stain a dull shade of lilac. 

Eosinophil granules are large, round, uniform in Bize, and stain orange-red 
with pale centres. They are not so numerous as neutrophil granules — occasionally 
eosinophil granules take on a bluish stain, even in a well-stained specimen, while 
in a badly stained one all may be bluish. 

Basophil granules vary considerably in size in the same cell, they stain a dark 
blue-violet colour, which is entirely different from the colour of the nucleus ; they 
are always coarser and fewer in number than the neutrophil or eosinophil granules. 
The granules are always found superimposed on the nucleus, as well as in the 
cytoplasm. 

Besides these specific granules, the presence of which characterizes the cells 
of tlie granular series, some cells of the non-granular series, e.g. monocytes and 
lymphocytes, may show some stained particles in the cytoplasm of the cells which 
have been called 1 azurophil granules \ These azurophil particles are of the same 
colour as the nucleus of the cell in which they occur; but may be paler, brighter, 
or darker. They vary in size, in depth of staining and in number. In the lympho- 
cytes the particles are few in number, they are large, coarse, and darkly stained, 
and occur in small groups in the cytoplasm, while the particles in the monocytes 
are more numerous, paler and finer, and are more evenly distributed in the 
cytoplasm. 

Having noted whether granules are present or not, and if present the nature 
of the granules, employ the following tables for the further identification of the 

CG1JS l — 

Table X gives the cells of the non-granular series, and Table XI those of 
the granular series. 

Tffie cells of the granular series all originate from the primary differentiated 
cell of that series, the myeloblast. They are arranged in the table in order of 
maturation. ® 
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The mature neutrophil, eosinophil and basophil have their specific precursors 
in the earlier cells of the series and these can be distinguished by the size and colour 
of their granules (u.s.) ; there arc, thus, neutrophil, eosinophil and basophil of 
each developmental stage, pre-myelocytes, myelocytes, meta-myelocytes and 
staff cells. 

Table XII is a supplementary table to aid in the identification of primary 
differentiated cells which are already shown in Table X. 

The points of difference in the morphology of the different primary cells 
are very fine and at times it is almost impossible to distinguish one from the 
other. In cases of leukaemia or anaemia the identification of an individual 
cell has often to be made, not on the cell alone but on the characteristics 
displayed by other associated cells ; in other words, the cell is judged * on 
the company it keeps 

Table XIII is also supplementary. It gives the nucleated cells of the red 
cell series in order of maturation. 


The development of Hood cells 

We do not propose to discuss the origin of the cells found in the blood stream, 
for it is a controversial field in which ‘ Unitarians 1 dualists ’, and/ trialists of 
the monophyletic and polyphyletic schools argue with one another to the confusion 
of the practical hsematologist. We are only concerned with the cells already 
differentiated, the immediate precursors of the normal and abnormal cells of the 
peripheral circulation. 

It is, however, impossible to avoid controversy altogether, as this is intimately 
associated witli nomenclature which is definitely our domain, for at present much 
confusion in the literature is due to different writers adopting different names for 
the same cell, and the same name for different cells. 

We have followed the Sabin school in using the word ' megaloblast for 
the earliest differentiated precursor of both normal and abnormal red cells, 
and have used the expression * Ehrlich’s megaloblast ’ for the hsemoglobinized 
megaloblasts that are encountered in Addison’s pernicious ansemia and rarely 
in other macrocytic anmmias. Some writers refer to ‘ our ’ normal megaloblast 
as a basophil erythroblast, an early primary erythroblast, a prenormoblast, 
or even as a hasmocytoblast (which name most writers reserve for the common 
stem cell). 

With reference to the other cells, we have taken the view that 
the granulocytes, lymphocytes, monocytes and platelets have each a 
separate differentiated precursor cell, and following the usual practice we 
have called these myeloblast, lymphoblast, monoblast, ' and megakaryocyte, 
respectively. 
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Red cells— Normally, the red cells originate intravascularly from the endothe- 
lial cells of the sinusoidal spaces and capillaries of the bone marrow. The first 
differentiated cell is the megaloblast. As development proceeds, the megaloblast 
passes through the stages of erythroblast, macroblast, normoblast and reticulocyte 
to develop into the mature erythrocyte ( vide schema). In the process of 
maturation the nucleus loses its nucleoli very early, so that these are not seen 
in the erythroblast ; the nucleus also loses its reticular structure and becomes 
gradually coarser and coarser as development proceeds, until in the normoblast 
it becomes completely pycnotic ; after this the nucleus is lost (by fragmentation 
or extrusion) and the erythrocyte becomes fully mature. The reticulocyte is a 
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stage between the normoblast and the fully-mature red cell, but the reticulations 
are not seen in a Romanowsky-stained film. 

Granulocytes .— The granular cells develop extravascularly from the reticulo- 
endothelial cells of the bone marrow. The earliest differentiated cell is the 
myeloblast. 


. ,, The ^ evidence of maturation of the myeloblast is the appearance of granules 
, 6 op ! as f" At first the granules are very fine and few, as in the pre- 
myeiocyfces, but gradually they become more numerous and coarser and are 
the m yelocytic stage, after which the granules again become finer and 
nolvmnS, 0 US i aS development proceeds. In the fully-developed neutrophil 
P y rphonuclear cells the granules are very fine and numerous. The cells can 





Explanation op Elate I 


I. Myeloblasts. 

la. Prc-jnyckcytes showing azure particles : the fourth cell, an eosinophil 
precursor, is slightly more mature than the rest. 

Ih. Myelocytes ; the cells in the upper are less mature than those in the 
lower row : the first three in each row are neutrophils and the last two 
eosinophils. 

l c. Mela-myelocylcs ; the last two Ic(n') are eosinophils (the last cell in 

the row has not been reproduced well and has lost the red coloration 
that was apparent in the original drawing). 

l d. Staff or band forms, the last two being eosinophils Id(ii). (The colour 

of the last two is too red ; the purple colour of the nucleus is sometimes 
obscured by the eosinophil granules, but not to the extent indicated 
here.) 

l e. Mature granulocytes, the furst three being neutrophilB and the last two 

eosinophils. 

Ii(m), Ic(m) and Ie(w). Basophils , myelocyte, meta-myelocyte and 
mature. The shape of the nucleus is the only feature on which the 
immature forms are identified. In the original drawing the shapes of 
the nuclei were just discernible, but in the reproduction they are 
obscured. 

ITT. Monoblasts, the lower two showing Auer’s bodies. 

Ilia. Premonocyles. 

III6. Monocytes ; the second cell in the top row might be classed as a pre- 
monocyte, but the azure particles are well developed. (There should 
be more blue colour in the cytoplasm of these cells.) 

VI. Megakaryocyte ; these cells are often proportionately much bigger than 
the one shown. 

Via. Platelets. 

Magnification about k 1,000. 

Staining— May-Griinwald and Giemsa. 



Explanation op Plate II 

IV. Megabblasts (in the fourth cell the nucleus is much too red). 

IVa. Erythroblasts ; in the fourth cell a considerable amoimt of haemoglobin 
has developed. 

IV6. Macroblasts ; the second and third are well hasmoglobinized ; the last 
two are small varieties. 

IVc. Normoblasts ; in the second cell the nucleus is dividing and about to be 
extruded. 

IVd. j Reticulocytes. 

IVe. Erythrocytes ; mature red cells. 

(i) Red cell showing Howell-Jolly bodies. 

(m) Red cell showing Cabot’s rings. 

(m'J Misshapen red ceil. 

( iv ) Red cell with basophilic stippling. 

II. Lymphoblasts. 

Ila. Large lymphocytes with azure particles. 

116. Mature (small) lymphocytes : the fiiBt with azure particles. Below the 
lymphocyte series are two Turk’s cells ; the characteristic cart-wheel 
structure of the nucleus is not very clear. 

V. Plasma cells. 

Cresyl-blue supra-vital staining {see p. 58). 

Erythrocytes : reticulocytes : platelets. 

Magnification about X 1,000. 

Staining— May-Grunwald and Giemsa, except figures in row IVd which are 
stained first with cresyl-blue and then Wright’s stain [vide p. 67, method 
A(6), i], and the block in the left lower corner in which all the cells are supra- 
vitally stained with cresyl-blue (vide p. 58, method B ii). 
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be differentiated as neutrophil, eosinophil and basophil according to the colour 
and size of their respective granules, with difficulty at the pre-myelooyte Btage 
but quite easily from the myelocyte stage onwards. 

In the process of development the nucleus loses its nucleoli ; these are ill- 
defined in the pre-myelocyte and are almost always absent from the myelocyte 
stage onwards. The chromatin structure of the nucleus which is finely reticular 
in the myeloblast becomes coarser and more condensed as development proceeds, 
and is very dense at the later stages ; this condensation makes the nucleus smaller. 
The shape of the nucleus too changes from round or oval at the earlier myeloblast, 
pre-myelocyte, and myelocyte stages to kidney or bean shape at the meta-myelo- 
cyte stage, and then it becomes elongated in the staff, and finally lobulated in the 
segmented forms. 

The cytoplasm which is blue and scanty in the myeloblast loses its colour 
gradually and becomes more abundant as development proceeds — in the later 
stages the cytoplasm is hardly visible as it is covered by the granules. 

Monocytes . — The monocytes originate from the reticulum all over the body 
but particularly from that in the spleen. The first differentiated cell is the 
monoblast ; it proceeds through the stage of the pre-monocyte to the stage of 
fully-developed monocyte. As development proceeds, the nucleus loses its nucleoli 
and the fine reticular structure becomes coarBer, and very fine and numerous azure 
particles appear in the cytoplasm of a fully-developed monocyte. The nucleus 
which is round or oval in the monoblast, becomes slightly indented in the pre- 
monocyte, and may take on various shapes in the mature monocytes. (We have 
made no attempt to differentiate between monocytes and histiocytes ; this can 
only be done by a supra-vital staining process which we are not describing here. 
Some of the large mononuclear cells in the^peripheral blood are undoubtedly 
histiocytes, whose origin is probably different from that of the monocytes.) 

Lymphocytes 

The lymphocytes originate mainly from the lymphatic tissue of the lymph 
glands all over the body and to a small extent from the lymphoid tissue in the 
marrow. The first differentiated cell is the lymphoblast which proceeds through 
the stage of large lymphocyte to the fully-developed (small) lymphocyte. 

In the process of development the nucleus loses the nucleoli, the fine chromatin 
structure becomes coarser, and finally in the mature cells it is pycnotic. The 
cytoplasm which is definitely blue in the lymphoblast becomes lighter in colour as 
development proceeds, but is always transparent. In some of the cells a few 
coarse irregularly scattered azure particles may be seen. 

12 

Technique of sternal puncture 

Bone puncture as an aid to accurate diagnosis of blood diseases and to the 
study of their cetiology has only come into general use during the last few years ■ 
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the main reason for this was tlmt the methods used for obtaining material from the 
bones were comparatively difficult, and usually painful, unless an anesthetic was 
«hen, before the Salah sternal-puncture needle was introduced. This handy and 
inexpensive instrument is now used widely not only in hrematologicnl work but 
in the diagnosis of kala-azar and other protozoal and bacterial diseases. We have 
used this needle for about four years and have adopted sternal puncture as a routine 
procedure In all cases of anannia. 

The senior writer described this technique in a paper written in co-operation 
with Dr. P. 0. Sen Gupta* (Napier and Sen Gupta, 1938) ; since then, as a result 
of further experience, certain modifications in technique have been introduced 
and these are incorporated in this description, but the technique described is 
materially the same as that given in the above-mentioned paper. 

Apparatus required 

(i) The sternal-puncture needle. 

(t’t) Two Record syringes, 2 o.oni. 

(iii) A pair of Kchioes and & shaving set. 

(in) Two per cent solution of novocnino or nny of its substitutes. (Pitumerit 4 per cont solution 
produces goad anesthesia,) 

(r) Absolute alcohol nnd other. 

(tri) Collodion or tincturo of benzoin. 

(cu) Cotton-wool, etc. 

The needle is dry-sterilized in a hot-air sterilizer in a test-tube. The syringe 
is sterilized by boiling and then dried thoroughly by first driving out water with 
alcohol and later alcohol with ether, and finally by drawing in and expelling hot air 
(through the flame of a gas burner or spirit lamp). 


The stcrnal-pmclurc needle 

The Salah needle used for sternal puncture is shown (figure 17). It is made of 
rustless steel and the bore is about the same as that of a lumbar-puncture needle. 

The guard C on the 
needle can be moved 
so as to adjust the 
depth of the puncture. 
Usually the guard has 
to be fixed at a dis- 
tance of 1 to 1*5 cm. 
from the tip, in order 
that the marrow may 
be reached. This dis- 
Piq. 17. Needle B with Btylet A removed : movable tance will vary with 

guard C (actual size). the thickness of the 

skin and subcutaneous tissue of the thoracic wall ; in fat individuals up to 2 cm. 
maybe required and in very emaciated ones less than 1 cm. It may he found 



* With whose kind permission the figures from this paper haw been reproduced. 
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The apparatus i* licit] with the knob of the stylet in the palm of the hand and 
the needle itself between the thumb and index finger, the latter on the guard C of 
the needle. Pressure is applied and the skin and subcutaneous tissues arc pierced ; 
a rotary movement will then facilitate puncture of the outer plate of the sternum 
(figure IS). As the external plate of the sternum is pierced and the marrow cavity is 
entered, there is a sensation of loss of resistance, just as is felt on entering the spinal 
canal during lumbar puncture. The stylet is now tnken out, the 2-c.cm. Record 
syringe is attached to the end of the needle, and the marrow blood is aspirated. 
When the fluid is aspirated the patient feels a dragging pain (figure 19) which is 



Fro. ID. The stylet has teen removed and sinusoids! Wood is being drawn into n Record 
syringe, usually the only painful part of the operation. 


a guide as to whether the needle is in the marrow cavity or not. About 0 - 5 c.cm. 
o marrow (sinusoidal) blood is removed and the siTinge and the sternal-puncture 
needle are withdrawn ; digital pressure is applied over the puncture for a minute 
or two and the puncture is sealed with collodion. The needle is detached from 
le syringe and the latter is inverted several times so as to mix the contents 
thoroughly; then small drops are placed on clean slides and smears .are made 
(w c p. /). The rest of the fluid is put into an oxalate tube. 

Only very rarely will one fail to obtain blood. The commonest, error is to fail 
to allow a sufficient length of needle. In this case the guard must he adjusted 
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slightly, the sfcvlcfc replnccd, and tlic needle pushed in a little deeper. Occasionally, 
the needle goes too deeply and has to be withdrawn slightly before blood will come. 
Our only complete failure was in a case of leukaemia, and in none of our cases of 
leukaemia has the blood come freely. 

Not more than 0*5 c.cm. of blood is aspirated, because, if more is drawn, there 
is a probability that the negative pressure in the marrow cavity will draw blood 
from the vessels in the locnlity, and thus dilute the sinusoidal blood. It is probably 
impossible entirely to prevent this occurring ; therefore a constant amount of blood 
is drawn to obviate gross differences in the degree of dilution in the samples taken 
from different persons. The syringe is inverted several times in order that the 
contents may be mixed thoroughly. This is necessary because the fluid that comes 
out at the beginning is not the same as regards cellular content ns the fluid that 
comes out towards the end of the aspiration*. 

* 

Examination of material 

(1) Examination of the stained smears : — 

The sternal puncture smears are best stained with combined May-Griinwald 
and Giemsa staining ; this shows the nuclear details very clearly. Failing this, 
satisfactory results for ordinary work may be obtained by staining with Irishman's 
or Wright’s stain {vide p. 81). 

An accurate differential count of the different nucleated cells is made by 
counting 500 or more nucleated cells from different parts of a well-stained smear. 
The criteria on which the different cells are identified are given nbovc. 

(2) The oxalated specimen is examined for : — 

(a) enumeration of total nucleated cells {vide p. 51), 

{b) estimation of luemoglobin {vide p. 40), 

(c) enumeration of red cell {vide p. 49), and 

(i d ) estimation of reticulocyte percentage {vide p. 58). 


Discussion 

The material which is obtained by this procedure is neither peripheral blood 
(obviously) nor bone marrow, but is blood from both the patent and the closed 
sinusoidal spaces in the hceinopoictic tissue of the hone marrow, in which arc mixed 
a few cells detached from the walls of these sinuses by the intruding needle, or by 
the act of aspiration. The extent to which the detached tissue colls are added to 
the sinusoidal blood probably varies with each puncture and constitutes the weak- 
ness of the procedure from the point of view of obtaining a true and unvarying 
picture of bone marrow lucmopoiotic activity. However, the extreme variations 
in a single subject that have been reported by some workers and the differences in 


* Vido Ann. Jiep., Calcutta School of Trap. Med. for 15)38, 
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Table XIV 


Sternal puncture : normal data 




First series 

Sr.coxn series 



Mean 

Stanilnrd 

deviotion 

Mean 

Stnndnrd 

deviation 

Hemoglobin in grammes per 100 c.cm. 

, , 

13-43 

± 0 03 

. , 

7 

Bed cells per o.cm. in millions 

•• 

4-DO 

± 0-40 

•• 

•• 

Reticulocytes — percentage of red cells 

•* 

0*75 

, i 

± 0-30 

•• 

•• 

Total nucleated cells per c.cm. 


53, G00 

±20,500 

111,078 

± 04,832 

Nucleated red cells — percentage of 

nucleated colls. 

total 

25-76 

± 4-07 

27-000 

± 11-740 

Leucocytes — percentage of total nucleated cells 

74-25 

± 4-07 

•• 

• • 

Oranulocylos — percentage of total nucleated cells 

04-40 

± 5-10 

■ 54-52D 

± n-421 

Non-granular loucooytos — percentage of 
leucocytes. 

total 

D-85 

± 2-43 

17-889 

± 0-790 

Myoloid/micleated-rcd-coll rntio 

•• 

2-50 

« . 

1-975 

•• 


Many ■writers claim that megaloblasts are not present in the normal sternal 
puncture material. This is a matter of nomenclature.' The cell we have described 
as a megaloblast (u.s.) is seen in the normal marrow. 

We seldom identify cells as lymphoblasts or monoblasts except- in. cases of 
leuksomia but myeloblasts are occasionally found and appear in most of our 
counts, forming 01 to 0'2 per cent of the nucleated cells. In a properly-drawn 
and well-stained smear, there ore very few ‘ disintegrating cells ’ and practically 
all the nucleated cells seen can be identified ; in a highly . active marrow 
‘ however, there are some cells which show mitotic division and are difficult to 
identify properly. 




Sternal rmcmrc MffmM rn^alei «» 
| Series I 
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The Arneth and Schilling counts 

Arneth (1904) divided the neutrophil polymorphonuclears into five main classes 
according to the number of segments in the nuclei which in their turn were classified 
into various groups according to the shape of the lobes. Under the original classi- 
fication the count was very complicated and had only limited application in general 
practice. Cooke and Ponder (1927) modified and simplified the Arneth count 
taking into account only the five original basic divisions of the Arneth count without 
going into the intricate subdivisions of Arneth. 

Schilling devised a method in which the differential leucocyte count and a 
simple nuclear lobe count of the neutrophils were incorporated and considered in 
the form of a ‘ licemogram ’. 

Apparatus required ( vide p. 76 cl scq.). 

Smears . — Smears for the Arneth and Schilling counts should be very thin and 
uniformly spread ; they should be dried quickly by being waved to and fro or 
held under a fan (vide p. 77). 

Staining . — Combined staining until May-Griinwald and Giemsa stains gives 
the most satisfactory result— the nuclei stain deeply and the connecting chromatin 
filaments are well shown, while the granules also show characteristic colour and 
size. If May-Griinwald and Giemsa stainB are not available proper staining 
with Wright’s or Leishman’s stains, though not as satisfactory, gives quite 
good results. Iron-hmmatoxylin or liromatoxylin staining for these counts in 
preference to, any of the Romanowsky stains is sometimes advocated; while 
these stains bring out the nuclei and the chromatin filaments well, the colour 
of the granules is not distinctive so that differentiation between neutrophils 
and eosinophils is very difficult. 


* (A) Arneth count 

The nucleus of the neutrophil polymorphonuclear cells is divided into lobes 
which may be separate or joined together by fine filaments of chromatin. Cooke’s 
criterion of separate lobulation is that either the lobes should be distinctly separate, . 
or should be joined together by a fine chromatin filament, but not by broad bands of 
nuclear material. Lobulation of the nucleus, it is assumed, gives an indication of 
the age of the cellr-the fewer the lobes the younger is the coll. The youngest 
cell in the normal peripheral circulation is one which has a nucleus shaped like the 
letter C, while the cells with five or more distinct nuclei are the oldest. The prin- 
ciple of the method is to make a differential count of the neutrophil cells, to group 
the cells according to the lobulation of the nuclei, and to calculate the percentage 
of cells in each group. 
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The cells of the various types can be described as follows : — 

Class I. Neutrophil granulocytes in which the nucleus has only one definite 
lobe, or two or more lobes joined by a definite band of chromatin and not by thin 
filaments. 

Class II. When there are two separate lobes joined by a thin filament, or 
when there are two completely separate lobes. 

Clnss III, When there are three separate lobes connected by thin filaments, 
or there are three completely separate lobes. 

Class IV. Wien there are four separate lobes connected by thin filaments, 
or there arc four completely separate lohes. 

Class V. Wien there are five or more separate lobes connected by thin 
filaments, or there are five or more completely separate lobes, 

WTien in doubt about the number of lobes in cells with three or more lohes, 
they must always he placed into the next lower class ; for example, if there is 
any doubt whether a cell has three or four lohes, it should always be placed in 
class III. 

The count is made by identifying and classifying one hundred consecutive 
neutrophil granulocytes from different parts of the slide, and the result is usually 
reported in the following form 

Example 1, a normal mini ( European standard). 

Class ..I H m IV V Total. 

Number . . 10 25 47 10 2 100 

Wlieu there is an increase in the number of cells with one and two separate 
nuclear lobes, i.e. of class I or class II, at the expense of those with three or more 
lobes, there is said to be a ‘ left shift ’ in the Arnetb count, as in the. example given 
below 

Example 2, a ‘ left shift ’ conn!. 

Class . . I II HI IV V Total. 

Number . . 41 44 14 1 0 100 


Conversely, when there is an increase in the 4- and multi-Iobed nuclei, it is 
known as a ‘ right shift ’. 


Example 3, a 1 right shift ' count. 

Class ' .. I II III IV V Total. 

Number . . 9 22 30 23 10 100 


(* 

Various indices and methods of expressing more concisely the results of the 
neth count (Cooke’s modification) have been proposed/ Probably *ke most 
suitable of these methods is the calculation of the weighted mean of the nuclear 
lobes ; this is obtained by multiplying the number of cells in class I by 1, the 
num ler m class II by 2, tlie number in class III by 3, the number in class IV by 
4, the numoei in class V by 5, and then adding together and dividing the sum total 
by the number of cells counted. 
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The weighted menus of the nuclear lobes in these three examples are calculated 
in the following way 


Example 1 

Example 2 

Example 3 

1 x 10 = 10 

1 X 41 = 41 

1x0= 9 

2 x 26= BO 

2 X 44 = 88 

2 x 22 = 44 

3 X 47 - 141 

3 X 14 = 42 

3 X 30 = 108 

4 X 10 = 04 

4X1=4 

• 4 X 23 = 02 

ex 2 = 10 

5 X 0 = 0 

5 X 10 = 50 

100 27G 

1 

100 175 

100 303 

Weighted 

1*76 


mean = 2 - 7G 

303 


Interpretation . — Immature granulocytes and cells of Arneth class I and some 
of class II, but none of class III, IV or V, are found in the bone marrow. If there 
be a sudden stimulus to the bone marrow to produce granulocytes, as in an infec- 
tion, the leucocytosis is brought about by young cells appearing in the blood, the 
number and the proportion of these depending upon the nature of the stimulus 
and the reacting power of the marrow of the individual and there is a shift to the 
left in the Arneth count. But leucocytosis as a result of musculaT exercise is only 
due to redistribution of cells, is not accompanied by any increase of young leucocytes 
in the peripheral circulation, and is therefore not associated with any ‘ left shift \ 

Again, in chronic infection or toxaemia, there is an increased leucocyte destruc- 
tion, which may or may not be balanced by new leucocyte formation ; in the former 
case there will be leucocytosis or a normal count and in the latter Ieucopenia. In 
either case there is an increase in young forms, actual or relative, which results in a 
shift to the left and a decrease in the weighted mean. It will be apparent that 
this shift is quite independent of the total leucocyte or total granulocyte count 
and provides another indication of the degree of the toxaemia. 

In pernicious anaemia and certain other conditions of bone marrow dysfunction 
there is a shift to the right in the Arneth count, and therefore an increase in the 
weighted mean ; in such conditions there are many multi-lobulated cells and only 
very few young cells coming into the circulation. 
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Normals 


1 

f 

1 

! 

I 

I 

II 

1 

111 

i 

' IV 

1 

r 

v ! 

Weighted 

mean 

Cooke nnd I’cnder (1027) .. , 

1 ~ ' 

, io 

23 

47 

! io 

o 

2-73 

Kennedy (1933) (Iraq) .. | 

13 

30 

43 

; 10 

4 

2-02 

Das Gupta (Calcutta) .. \ 

37 

44 

10 

' 3 

° 1 

1'85 


(B) SCHIMAXG COUNT 

In this count the neutrophil granulocytes are divided into four groups and 
classified as follows : — 

1. Myelocytes (M). 

2. Juveniles (J) ; these have a distinct indentation in the nucleus; they 

correspond to our (ride p. 01, table XI) meta-myclocytcs. 

3. Stab cells (St) ; these have a C- or horsc-shoc-shapcd nucleus but no 

true lobulation ; they correspond to class I of the Arncth count, and 
to our stafi cells. 

Arncth 


* II III IV V ' 



Schilling 


Stab cells may be of the regenerative or degenerative type, and are differen- 
tiated by the shape and staining reaction of the nucleus ; in the latter the nucleus 
is ribbon-like and pycnotic with clumps of chromatin, and usually irregular shaped, 
and the cytoplasm may be vacuolated. 
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Segmented (Scg.) polymorphonuclcnrs, showing two or more distinct 
lobes. 

According to Schilling the following are the constituents of a normal 
nramograin : — 


Total 

W. B. C. 




Pcrccntnges 



1 

B. 

E. 

M. 

.T. ! St. 

Seg. i L. 

Mon. 

0,000 to 8,000 

0-1 

1-2 

0 

0-1 ! 3-6 

67-07 , 21-35 

4-8 


! 

1 

1 

1 


00-70 




B. = basophil. E. = eosinophil. 

~ lymphocyte. Mon. = large mononuclears. 


Discussion. —The. Schilling limmogram is mucli more than a differential granu- 
locyte count, ns is the Arnetli count, and Schilling claims that it gives far 
more information. The interpretation depends on a highly imaginative series of 
responses to infection and toxannia that are supposed to, and possibly do occur 
in the hremopoietic system, in which there are three phases, neutrophilic struggle, 
monocytic defence, and lymphocytic cure, but it does not seem to take 
into account the nature of the infection and the consequent variations in the 
response. Further, there are so many directions in which changes may take 
place that the hmmogram seems peculiarly susceptible to facile interpretation 

to suit the conscious or unconscious wishes of the interpreter. 

We do not propose to give a full discussion on the interpretation of the hremo- 
gram, as it has only an indirect bearing on the subject of antemia, but as for as the 
neutrophil granulocyte elements are concerned Schilling’s contention is that 
infection may cause two types of reaction, the regenerative reaction and 
degenerative reaction ; in the regenerative reaction, new leucocytes are formed 
in the bone marrow and this is reflected in the peripheral circulation by a 
rise in the total white cell count, an increase in the juveniles and regenerative 
forms of stab cells, while in the degenerative rcnction, which is found in severe 
toxasmia, on account of the degenerative influence of the toxin on the 
marrow, the formation of new cells is retarded ; this may be shown by a leuco- 
penia. In the differential count of such a case, there are few juvenile cells and 
the stab cells that rcaoh the circulation fail to segment at the usual rate 
and may degenerate with the result that there is a preponderance of stab forms’ 
including many degenerative forms, in the blood. The reaction however’ 
may not be purely regenerative or degenerative in character, but may be a 
mixture of the two, and the hsomogram may be intermediate, with slight 
leucopenia .and a greater preponderance of the younger cells than in a purely 
degenerative process, * ' 
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(It is surprising to the writers that nd provision is made in the classical Schilling 
Iwcmogram for the separate counting of the regenerative and degenerative forms of 
stab cell, when obviously the presence or absence of the latter is an important factor 
in the interpretation of the luemogram.) ' 

Conclusion . — The interpretation of the Arnetli count is simpler, though the 
implications arc more limited, hnt it presents a minor practical objection in that 
more skilful staining is required to ensure accurate counting of the separate lobes. 

The value of these counts is mainly in establishing the presence of infective or 
tovfcmic factors, which may be important contributory causes of the .antenna, 
and/or may prevent response to appropriate hmmatinics. The presence of multi- 
lobular cells, shown only in the Arnclh count, is important in the diagnosis of 
pernicious antenna. 


14 


The erythrocyte sedimentation rate 

The determination of the erythrocyte sedimentation rate (ESR) is not a test 
that gives much direct information regarding the nature of the anwmia, but it is of 
value in differentiating ' functional ’ disorders, such as pernicious amernia in which 
the true ESR is within normal limits, from anosmia due to such causes as sepsis and 
malignant disease in which the ESR is markedly increased. 

Further, the ESR is affected by changes in the shape and size of the red cells, 
in so far as these changes affect rouleaux formation, and by changes in the concen- 
tration of the red cells in the plasma ; this last may overshadow the other changes 
and. being a mensurable factor, must be allowed for in estimating the true sedimen- 
tation rate. 

Finally, as from the single specimen taken in the normal course of a routine 
blood examination the ESR can be estimated without additional labour, it should 
always be included. . ■ 

The test suffers bom the multiplicity of the methods by which it is performed 
and by the variety of the forms in which the results arc expressed. The most 
commonly used technique is that of Westergren (1926), but, as it is important that 
the correction for autemia should be made and as no correction chart has been 
worked out for this technique, this method has its limitation. 

Wintrobe’s me. hod (1933) is really a modification of this method ; it has the 
advantage that the cell volume can be estimated on the same sample of blood an 
also that a correction for anaemia can be made. 

Principle of the iest.~k known volume of .blood is intimately mixed with a 
definite amount of anti-coagulant, and the mixture is drawn into a tube of own 
calibre up to a certain point ; the tube is then allowed to stand in an upright position 
at room temperature and the level of the red blood cells in the tube is noted at. 
the end of one hour and again after two hours. The fall in the level of the red 
cells is expressed in millimetres. 
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Westergren’s method 


Apparatus required 

(i) Sedimentation tubes. 

Wcstorgrcn tube. This is about 300 mm. long and is graduated from 0 to 200 mm. in 
1 mm. intervals ; it has a uniform boro of about 3 mm. and is opon at both ends. 

(ii) Special Wcstorgrcn rack, or an improvised rack, to keep the tubes in a vertical position, 

and to prevent tlio blood escaping. 

(iii) Anti-coagulnnt — 3’8 per cent sodium citrate solution. 

(tt>) Syringe, etc., for collection of blood. 

(e) Stop watch. 

Technique . — In this method 3'8 per cent solution of sodium citrate is used as 
anti-coagulant in the proportion of one part of citrate solution to four parts of the 
blood. 

Put exactly 2 c.cm. of blood into a flask to which 0‘5 c.cm. of 3-8 per cent 
solution of sodium citrate has already been placed. Mix immediately by rotating 
the flask and subsequently if possible in a shaker ; then draw up the mixture into a 
Westergren’s standard tube to the zero mark which is exactly 200 mm. from the 
tip. The tube is now set upright in a stand in which a spring clip holds the points 
of the tube firmly against a rubber cork at the bottom end. The tube is now left 
to stand and the upper level of the red cell column, which is generally sharp, is 
read, at the end of one and again after two hours*. The length of the column of 
plasma from the zero mark to the top of the red cell column is the amount of sedimen- 
tation and this is read off in millimetres ; this iB reported as the sedimentation rate 
in millimetres for one hour and for two hours. 


Normal limits ( after one hour)- 


Men Women 


Textbooks . . . . . . 3 to B mm. 4 to 7 tnm. 

Our own experience in Indians in 3 to 15 mm. B to 40 mm. 

Calcutta. 

The high figures that we obtained in apparently normal subjects are partly 
explained by the higher temperatures that prevailed, compared with those of the 
places where the tests on which other normal figures are based were carried out. 


Wintrobe’s method 


Apparatus required 


(i) Wintrobo’s tubes— a flat-bottomed glass tube 116 mm. long graduated from 0 to inn 

1 mm. intervals ; it lias a uniform boro. m JUU 111 

(ii) Anti-coagulant — sodium and potassium oxalato mixturo (aide p. 3G). 

(iti) Electric centrifuge. 


Together with a syringe, etc., and stop watch as in Wesfcergren’s method 

Technique . — Wintrobe used his cell-volume tube for the determination of 
sedimentation rate. 


* Only ono-Ueur readings are usually recorded. 



110 


Anmnia in Pregnancy in India 


The blood is colled cd in nit 1 oxalated ' flask and is thoroughly mixed ; the 
cell-volume tube is filled with the oxalated blood by means of n capillar)’ pipette 
up to the item mark, which is exactly 100 mm. from the bottom. The tube is now 
allowed to stand upright in a vertical position on a special stand or on a tray of 
plasticine, and the reading is taken at the end of one and again after two hours, 
in the same way as in Westergren's method ; the cell-volume tube is then put into a 
centrifuge and centrifuged at .1,00(1 revolutions per minute for half an hour to 
obtain the packed-cell volume percentage; thus both procedures arc done in the 
same tube with the same blood sample. 

jYormaF fi'mi'M (h/Ct tin' hour)— 

Men Women 

Text books .. .. .. 0 (o 0 mm. 0 to 20 mm. 

Our own e\peri-nee in Indi.nni in 2 to 20 mm. 2 to 20 mm. 
t'.ilenttn. 

Correction for (tninuio. — One important factor in the rate of sedimentation of 
bodies in fluid is the concentration of these bodies. The sedimentation standards 
for red colls in plasma are based on there being a normal number of red cells in a 
given volume of blood, and in annunin when these are reduced the sedimentation 



Fig. 20.— Chart for correction of sedimentation rate for nnmmin by 
menus of the corpuscular volume. 

rate is increased above the normal, irrespective of the other changes in the blood. 
To make the correct allowance for this fact Hynes and Whitby (1938) worked out a 
chart showing the relationship of cell volume and sedimentation rate m normal 
oo and m blood showing various degrees of antenna ; this chart is reproduced 
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To correct for anosmia, find the junction of the lines of the observed sedimenta- 
tion rate and the observed corpuscular volume in the chart ; this point will fall in 
one of the five zones (normal, doubtful, etc.) which indicate the approximate degree 
of increase in the rate. ' If a ' compensated ’ figure is required , follow the appropriate 
curve down to the point where it cuts the 45 c.cm. vertical lines, for men, and the 
40 o.cm. line for women. 

Example. — Observed rate = DO ram. ; observed corpuscular volume = 30 per cent ; point of 
junction lies in area of * slight ’ increase ; compensated rate for men — 18 and 
for women = 28. 


Precautions 


(i) All apparatus must be scrupulously clean and dry. 

(ii) The dilution with sodium citrate solution in Westergren’s method should 
be absolutely correct. 

(Hi) The specimen of blood should be collected during the fasting state and 
examined within one hour of collection. 


(iv) In women it is advisable to avoid the menstrual period and the few days 
before and after it. 


(«) The specimen should be rejected if there is a slight trace of coagulation or 
any marked haemolysis. 

(vi) The tubes should be set up in an absolutely vertical position in a quiet 
place, well away from any apparatus that vibrates. The temperature of the room 
should be between 72° and 80°F, whenever possible. 


(vii) In recording the results, correction for anosmia must always be 
applied. 

Discussion . — There are a number of factors involved in the phenomenon of 
erythrocyte sedimentation, but the most important is the size of the rouleaux 
formation and this is mainly determined by the composition of the plasma. Increase 
in plasma fibrinogen will cause an increase in the size of the rouleaux formation 
and therefore an increase in the sedimentation rate. It is probably on this 
fact that the value of this test depends, as, with the exception of the concentra- 
tion of the red cells for which allowance can be made, this effect overshadows 
all others. 


The sedimentation rate is increased in so many conditions that it is very 
dangerous to attach any specific diagnostic significance to it. This must be quite 
obvious from the wide range of the ESR rates that has been recorded in apparently 
healthy individuals. However, the ESR is a test of great value in estimating the 
progress in chronic infections, such as tuberculosis and leprosy. A standard 
technique should be adopted, and in reporting the results the method employed 
must be stated or the information loses much of its value. * * 



112 


Anaemia in Pregnancy in India 

15 


Gastric analysis 

Introduction. — The gastric juice in the normal individual contains hydrochloric 
acid, free and in the combined state, the enzymes pepsin and rennin. and the 
‘ intrinsic factor of Castle Examination of the aspirated gastric juice, primarily 
for acidity, but also for the presence of the enzymes, and for other normal and 
abnormal characters, is known as gastric analysis. 

IVe have included gastric, analysis in this series on lucmatologicnl technique, 
because normal hremopoiesis is to a large extent dependent on normal gnstric 
function, and consequently the knowledge that we obtain from this test is important 
in both the diagnosis and the treatment of the anromias. 

Achlorhydria or hypochlorhydria arc associated with deficient digestion and 
absorption of a number of food substances.. In some eases of microcytic anremia, 
achlorhydria is considered to he the main rcliologicnl factor; iron is more easily 
absorbed from an acid than from an alkaline medium. Freo acid is necessary also 
for ensuring proper peptic digestion (tu.). Further, in the nbscnce of hydrochloric 
acid, fermenting organisms flourish, causing flatulence, meleorism, nnd diarrhoea. 
Tliis mucosal dysfunction leads to a macrocytic anremia ; the nniemia of sprue is 
often of this type and due to this cause ; but neither in sprue nor in nutritional 
macrocytic anremia is achlorhydria constant, nor is there any evidence that the 
‘ intrinsic factor ’ is also absent. Finally, in pernicious anremia there is complete 
and constant achylia*, which is associated with the absence of the ‘ intrinsic factor ' 
though this latter deficiency cannot bo demonstrated directly in tlie laboratory. 

In practically all cases of anremia associated with achlorhydria or hypo- 
chlorhydria, the giving of dilute hydrochloric acid, alone or with pepsin, will 
be beneficial, and may in fact constitute an important part of tlie treatment. 

Methods: Gnstric analysis can lie done by either of the following methods 

(i) Single examination ; This is an old method nnd is almost obsolete non . 
In this method, after complete evacuation of the fasting juice, an 
Ewakl meal, consisting of bread and water, is given to the patient 
and the stomach contents withdrawn again after one hour. 

{ii) Fractional analysis of Rohfuss : In this method, after complete 
evacuation of the fasting juice, a suitable test meal is given to the 
patient ; small samples, about 10 c.cm., of the gastric fluid are 
drawn off every 15 minutes up to 21 to 3 hours. 

* The following terms tiro in common use for tho different stages of gastrio deficiency s- 

Aohlorhydria (or false = absonco of free hydroelilorio aoid during an ordinary test 
achlorhydria). meal, in which histamino was not given. 

Complete achlorhydria = absonco of free acid oven nftor hiBtnmine injeotion. 

Ach y litt = absonoo of free acid and tho gastric enzymes, oven after 

histamino. 
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Fractional gastric analysis gives valuable information as to the motility and 
secretory functions of the stomach. This method is followed by ns in the investi- 
gation of all cases of anajmia in the hospital and 
in many of the cases attending the anromia out- 
door clinic. 

In the - course of the fractional gastric analysis, 
an injection of 0‘5 mg. of histamine is given one 
hour after the test meal to the patients who fail 
to show any - free acid in any of the previous 
specimens. 

Apparatus required 

(i) Rclifuss’ or Rylo’s tube, or any suitable modification 
(vide figure 21). These are tubes mode of good rubber. They 
are about 32 inches long with an internal diametor of about 
l/8th inch. One end of the tube is open, whilo the other, the tip, 
ends in on olive-shaped bulbous protuberance filled with metal to woight it and keep it rigid. 
There are holes in tho rubber at or nenr tho tip for tho passage of tho gastric jnico through tlio 
tube. Tho distance up to which tho tubo has to bo passed is shown by a mark near tho open end, 
about 20 to 22 inches from the tip. 

Before use the tube is sterilized in boiling water for a minute or two, and is kept coiled up in a 
sterilized petri dish until required. 



Fra. 21 . 


(ii) Reoord syringes 10 c.om. and 1 o.om. 

(tit) Twenty-five o.om. burette graduated in 
l/10th of a o.om. with a stand. 

(to) Twelve labelled test-tubes in a rack, 
plus a few extra tubos. 

(») Capillary pipettes with teat3. 


(vi) Small glass funnel. 

(vii) Porcelain dishes — 3. 
(viii) Glass rodB — 3. 

(tx) Centrifuge machine, 

(x) glides. 

(xi) Microscope. 


Chemicals required 


(t) Ono per cent of cocaine, or a suit- 
able substitute. 

(ii) Seven per cent alcohol 100 c.om. 

(iii) N/10 sodium hydroxide. 

(iu) Dimothyl-amido-azobenzene 0'S per 
oent in 96 per cent alcohol (Top- 
fer’s reagent). 

(») Phenolphthalein 1 per cent in 
alcohol. 

(»i) Histamine — 0‘6 mg. in 0 - 5 o.om. 
sterilized distilled whtor. 


(vii) Adrenaline chloride solution, 1 in 
1,000 for injection. 

(viii) Sulphur powder. 

(tx) Benzidine. 

(x) Glacial acotio aoid. 

(xi) Hydrogen peroxide. 

(xii) Pepsin. 

(xiii) Mott’s albumin tubes (».i,). 

(xiv) Dilute hydroohlorio acid. 

(xv) Fresh milk. 

(xui) Lugol’s iodine solution. 


Routine procedure 

The following is our usual procedure in carrying out a fractional gastric 
analysis : — b 

A. Preparation of the patient 

• On the previous night, the patient has his usual meal at 8 p.m., and at 10 u m 
he is given four charcoal tablets with a glass of milk. The next morning he is not 
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allowed any food or drink before tlie test is finished. Indian patients nrn B t be 
warned not to chew any pan, as it may impart a red colour, which might be 
mistaken for blood, to the gastric juice. 

Before introducing the tube, in very sensitive patients, the nasal mucous 
membrane and the posterior part of the pharynx may be sprayed or swabbed 
with 1 per cent solution of cocaine, or with a suitable substitute. 


B. Introducing the tube 

., Through the mouth : With the patient in a comfortable position, sitting 
if possible, but the test can be done with the patient lying down ; the tip of the tube 
is placed on the posterior portion of the dorsum of the tongue and allowed to drop 
slowly backwards and downwards. When the tip strikes the posterior pharynx, 
the patient is instructed to make swallowing movements and the tip will then pass 

”° ,, e a .f, us ‘ A ie P a ^ en t should, be told to continue to swallow slowly, 
when the tube wil gradually descend until the end has reached the fundus of the 

is reached 6 ^ ^ tube gives an a PP T0X i™ate indication of when this point 


f ? 1T0U ^ . tbe nose : With a Kttfe practice, the introduction 

of the tube through the nose is much easier than through the mouth and can be 
carried out even m the most sensitive patient. The tip of the tube is introduced 
° ® . t1lc ° rifice i 3 and gently pushed through the nose until it reaches 
mmL»T° r , A A C The patient is now told to make swallowing 

the stomach^ 16 ° ^ 18 P Ufibed g en % down until it reaches the fundus of 


be . felt A P ass ’ E g the tube through the nose; this is 
i , me J b ttle mampulation, but if the resistance is great the tube must 

file w ° U - j 11 • ^j 0t ^ uce< ^ through the other nasal orifice, as not infrequently 
the septum is deviated to one side. 


C, Drawing out the contents of Hie fasting stomach 

nozzle^fVin bas introduced up to the required distance, introduce the 
the uisfnn on c,ara - sy^nge into the tube, with the' piston drawn out; push down 
mucus or ^!i aU ln tbe is {o ^ed through the tube, to dislodge any 

SSh rfl? A? 1 fcha \ ma y^ blocking it at its distal end; then aspirate the 
uoririon nf If ti6re is an ? Verity in getting the -juice, 

•*/■* fei-g *"*■ “ “ PM " tag * 

mmdeT'JhiohSt.'J-*' 1 *?™ 118 “V ■» to contraction of the gattric 
out all the fluid of to overcome - An attempt should be made to draw 

■tornch SzSS: . f f ?tomach-by altering the position of the tube in the 

pressure to <Merenfc P ostures - and b ? a btt ? e 

the test-tubes Th * ?° ntents ° f tbe sfcoinaCl1 “* P “ 
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Alter complete evacuation of the stomach contents the test meal is given to 
the patients with the tube in situ. 


D. Test meals 

An ideal test meal is obviously one that bears a close similarity to the ordinary 
diet of the patient, but, for many reasons, it is not possible to give such a test meal. 
Various test meals have been advocated, but here we shall describe only two with 
which we have had personal experience. 

(i) Gruel test meal : In making this we have always used Quaker oats, but 
any form of prepared oats can be used, and in this country some workers prefer to 
use a rice gruel. Take a tablcspoonful of Quaker oats in two pints of water, add a 
pinch of salt, boil down to a pint, and strain through fine muslin. This meal doe 3 
not contain any lactic acid and is thus almost an ideal test meal, but, with the tube 
in situ, it becomes very difficult and sometimes impossible to swallow such a large 
quantity of thick gruel. 

(it) Alcohol test meal : One hundred c.cm. of 7 per cent alcohol is used for 
this meal. The measured quantity of alcohol is placed in a beaker from which it 
is drawn up into a syringe and introduced into the stomach through the tube • the 
process is repeated until the whole amount has been introduced. 

This meal is very easy to administer, while the fluid that is subsequently with- 
drawn is almost clear ; this allows of easy titration for acidimetry. 


E. Withdrawal of post-prandial specimens 

Note the time when the test meal is given, aspirate with a syringe about 10 c.cm 
of gastric contents every 16 minutes up to 2£ or 3 hours. The specimens are kept 
in labelled test-tubes until the time of examination. v 

Histamine .— As the fasting and poBt-prandial juices are withdrawn, they are 
examined for the presence of free hydrochloric acid by the bedside. ' J 

Take one c.cm. of the gastric juice in a small test-tube, add a small drop of 
Topfer’s reagent. Note the colour— red or orange colour indicates the presence of 
free hydrochloric acid and further bedside examination of subsequent specimens is 
not necessary. , 1 


If free hydrochloric acid is not present in the fasting juice and in the 
first four post-prandial specimens, an injection of 0-5 mg. of histamine is 
given and the procedure of withdrawing samples is continued as before A 
little flushing of the face is seen after injection of histamine, and occasionallv 
the patient may complain of palpitations which generally pass off ouickl/ 
In the event of the patient becoming distressed by these symptoms, an injection 
of ^6 c.cm. adrenalin chloride should be. given; this will give instantaneous 
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Examination of Gastbic Contents 
A, Macroscopic examinations 

(a) In the fasting juice. 

(t) Amount. : measure and note the amount, formally 20 to 25 c.cm. are 
found. Marked increase over DO c.cm. suggests hypo-motility, 
ohstruction, or hypersecretion. 

•*=(??) Odour : normally it has no striking odour. An offensive odour suggests 
cancer, and a sour odour fermentation. 

(in) Remnants of food or charcoal : normally no food remnants or charcoal 
are found after 10 hours’ interval. The presence of food remnants 
or charcoal particles suggests hypo-motility, pyloric obstruction, or 
ptosis. 

(b) In the fasting juice ami in the post-prandial specimens. 

( ir ) Mucus in large quantity in the fasting juice, and in many of the later 
post-prandial specimens, indicates catarrhal gastritis. 

( v ) Bile : traces of recently regurgitated lemon-yellow bile mny be seen 

in a few specimens and are usually due to retelling caused by the 
introduction of the tube. A large quantity of turbid green bile in 
the fasting and in any of the early post-prandial samples is almost 
always pathological. 

(w) Blood : macroscopic examination for blood gives more valuable 

information than the chemical examination. Flecks of fresh blood , 
are usually the result of trauma in passing the tube, while large 
quantities of fresh blood in any specimen, would indicate varices, 
erosions, or even malignant ulceration of the oesophagus. ■ Blood 
from a gastric ulcer ox carcinoma of the stomach is changed to 
brown acid hrematin by the acid in the stomach juices ; it is 
found most frequently in the fasting juice, but it may be found also 
in any post-prandial specimen. 

B. Chemical examinations 

(i) Acidimelry. 

Place 5 or 10 c.cm. of clear gastric contents in a shallow porcelain dish. If 
there is an excess of mucus in any specimen, filter the gastric juice through a p ug 
of cotton-wool to remove the muons ; this will then allow of easy titration. 

Add a drop of'Topfer’s reagent to the gastric juice in the porcelain dish, the 
presence of free hydrochloric acid will be indicated by the red or orange colour of 



Gastric analysis 


117 


(a) Estimation of free hydrochlorio acid 

Titrate with N/10 sodium hydroxide until the red or orange colour is 
discharged ; this is done as follows 

Fill a graduated 25 c.crn. burette with Is /10 NaOH up to the zero mark. "With 
one hand regulate the flow of NaOH and allow it to fall drop by drop from the 
burette into the porcelain dish ; stir all the time with a clean glass rod with the 
other hand. The end point will be shown by a brownish and not a yellow colour. 
Take the reading of the burette, the difference between the two readings (the first 
should be zero) gives the amount of NaOH that was required to neutralize 5 or 10 
c.cm. of gastric juice. 

In clinical work the result is always expressed ns the number of cubic centi- 
metres of N /10 NaOH which would be required to neutralize 100 c.cm. of the gastric 
juice, each cubic centimetre representing one degree of acidity. So, the number 
of degrees of acidity is calculated by multiplying the number of cubic centimetres 
of N/10 NaOH by 10, if 10 cubic centimetres of gastric juice was used, or by 20, 
if 6 c.cm. of gastric juice was used. 

The result may be expressed in grammes of hydrochloric acid by multiplying 
the number of degrees of acidity by 0*00365 (an easy way to remember this is that 
3G5 is the number of days in the year, the last figure— 5— indicating the number 
of decimal places). 

Example.— If 10 e.cm. of gastric juico was taken and if tbo end point was readied when 2*3 c.cm. 
of N/10 NaOH had been added, the degreo of acidity is 2*3 x 10 = 23. 

And in terms of hydrochlorio acid 23 X 0 00305 = 0 0S395 g. of hydrochlorio acid 


(6) Estimation of total acid 

After tbc estimation of free hydrochloric acid, or if there is no free HC1 at all 
1 or 2 drops of phenolphthalein (1 per cent solution in alcohol) is added as an 
indicator and the titration with N/10 NaOH is continued until a permanent faint 
red colour develops. 

The third reading mims the first reading (zero in this case) multiplied by 10 
if 10 c.cm. was taken, or 20, if 5 c.cm. was taken, gives the degree of total acid. ’ 

The total acidity is made up of free HC1 together with the HC1 which is com- 
bined with protein and mucus, plus the organic acids, such as lactic and butvric 
which result from fermentation. “ ’ 

The estimation of total acidity is of little practical importance. It is usually 
about 10 degrees higher than the free HC1, except in cases of marked lactic or 
butyric acid fermentation, when it may be very much higher than the free 
HCl. In these cases the typical ‘rancid butter ’ odour enables one to detent 
fermentation. 

(c) Lactic acid 

Test for lactic acid must be applied in all oases where there is no free 7TPI 
the fasting juice. m 
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Add 2 drops of 5 per cent aqueous solution of ferric chloride to half an inch of 
clear gastric fluid in one tube and to half an inch of water in another tube of the 
same size which Trill serve as a control. To each add G drops of saturated solution 
of mercuric chloi ide. If lactic acid is present in the gastric contents a deep yellow 
colour will be produced in that tube, but not in the other. 

(d) Bile 

The presence of bile will be denoted by the colour in the gastric fluid. If in 
doubt. Hay’s sulphur test can be done, by sprinkling sulphur dust on the surface 
of a specimen of clear juice. If bile salts arc present, the sulphur will fall to the 
bottom. 

(c) Blood 

Dissolve a little benzidine in 2 c.cm. of glacial acetic acid, warm if necessary ; 
add 2 c.cm. of 3 per cent hydrogen peroxide. Finally, add 1 c.cm. of the gastric 
juice, and mix well by shaking. A blue or bluish-green colour indicates the presence 
of blood. 

The test is very sensitive and will detect blood in dilution of 1 : 3,000,000. 


C. Examination for enzymes 

(i) Detection of pepsin . — Normally pepsinogen is secreted by the stomach, 
and is transformed into pepsin by the free HC1 in the stomach. Its presence is 
detected by the digestion of egg-albumin. 

Method . — Take three small test-tubes. 


In tube 1, put 1 g. of pepsin, 2 c.cm. of the HC1 solution and a one-inch length 
of capillary tube of albumin*. 

In tube 2, put 2 c.cm. of clear gastric fluid and a capillary tube of 
albumin. 


In tube 3, put 2 c.cm. of clear gastric fluid, 2 c.cm. of' the HC1 solution and a 
capillary tube of alb umin . 


Place all the three test-tubes in a warm incubator overnight, examine them 
for digestion of the albumin next morning. 

Tube 1 in which digestion should be complete serves as a control. 


* 8 ca P^ (lt y tubea of albumin aro prepared in the following way 

Mix the white of 3 or 4 og g8 , boating them gently. 

Make some capillary tubes of uniform boro. Fill tlio tubes with the egg-albumin and out them 
mto pieces of about 10 to 12 inohos long. Seal the ends with soaling wax. Boil a largo quantity of 

irUrf r +}ip i a n r 8 Ve8S t ' J £ st aa tbo Wftt0r begins to boil, put tho capillary tubes containing albumin 

from tho •souree of tho W After 5 minutes teko °ut 
he lightly coagulated, Store die tubes in a romgoraro 


the eanSdLSL “ en T° «“» from the wuJce of tho heat. After 5 minutes 
tno capillary, tubes-the ogg-albumm will be lightly coagulated. Store the tubes in a rofrig 

clean cuTand’ofcodS 6 ° SB ‘ albumin tubes into lengths of one inch, taking care that the 


ends are 
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Interpretation . — Digestion in tube 2 indicates the presence of both pepsin and 
free hydrochloric acid in the gastric juice. 

If digestion fails in tube 2 but occurs in tube 3, pepsinogen is present, but it 
required the free FC1 to bo added to the tube to convert it into pepsin. 

If there is no digestion even in tube 3, then both pepsin and pepsinogen are 
absent. 

Partial digestion either in tube 2 or 3 denotes the presence of pepsin or 
pepsinogen in small amount. 

(m) Detection of rennin . — The enzyme rennin coagulates the protein of milk. 
Fresh milk is used as the reagent. 

Neutralize 5 c.cm. of clear gastric fluid with very dilute sodium hydroxide. 
Add an equal amount of fresh milk and place in a water-bath at dO°C. for 
15 minutes. 

Interpretation . — Coagulation of the milk in 10 to 15 minutes denotes the 
presence of a normal amount of rennin; delayed coagulation denotes a 
decreased amount. 


D. Microscopic examination of the gastric residue 

This examination has very limited application and need only be done if 
carcinoma is suspected. The fasting contents when no free HC1 is present are 
most suitable for the test. 


Centrifugalize the fasting contents, take a small loopful from the bottom and 
smear it on a glass slide. Fix by heat and stain by Lugol’s iodine and examine 
with the oil-immersion lens for ' Boas-Oppler ’ bacilli. 


‘ Boas-Oppler bacilli are large (5 to 10^ long), non-motilo and usually arranged 
in clumps, or end to end in zig-zag chains. They stain yellow to brown with iodine 
solution, which distinguishes them from LeptotricUa bucealis, which is not infre- 
quently swallowed, and hence found in stomach fluid’ (Todd and Sanford 
1939). * 

Method, of recording results 

The results are best recorded on a special chart which may be printed or 
oyolostyled. r 


Figure 22 shows the form of ohart that we use, except that in this figure a 
shaded area has been added to show the range within which 80 per cent of nastnV 
analyses in normal ’ individuals fall. b 


Both free acid and total acid are-recorded in the chart, preferably in different 
colours. The presence of mucus, bile, and blood is indicated by a plus 0I adouhh 
plus sign m the appropriate place, ' J 1 uoumo 
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Normal standards 

Acid curves will vary not only in height hut in shape, and one cannot judge / 
them solely on one feature, e.g. on the highest point reached during the test. 
[Nevertheless, if a curve is to he classified on a single feature this is probably the 

s T.R. ANCMIADCTT. 

GASTRIC ANALYSIS REPORT 

Name ■ ■ Age WaiJ 

Fastinc Juice: Cuinutri Charcoal: Food rcmtiinti t Mtcroieoplc: 



Frco Acidity Total acidity. 

Poptie digestion— 


Opinion : 


Otto 


Fia. 22 . 


best one, as' iif usually reflects fairly accurately the rest of the curve. We 
adopted the*following criteria for classifying acid curves, according to the Jug es 
free-acid reading : — 

c.cffl. of N/10 NaOH 
required to neutralize 
100 c.cm. gastrio jmee 


Achlorhydria 
Hypoohlorhydria 
Iaoohlorhydria, low 

„ medium . . 

» high. . . 

Hypcrohlorhydria 


<10 

10 to <25 
25 to 46 
> 46 to 06 
>66 
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These criteria are based on our personal experience in India (Napier und Das 
Gupta, 1935 ; Napier, Chaudlmri and llai Cliaudhuri, 1938) hut they do not differ 
materially from those adopted by 
workers in other countries. About 
80 per cent of ‘ normal ’ individuals 
fall within the isochlorliydria range ; 
within this range women will usually 
be lower than men (figure 23). There 
is no evidence that the gastric acidity 
of Indians in India is lower than 
that of Europeans in their own 
countries. The data available from 
our own experience suggest that in 
South Indians and Bengalis (figure 2d) 
the acid range is a little higher than 
the textbook figures which are based 
on Europeans and North American 
subjects. 

‘Erom 2 to d per cent of apparently normal Indians are completely achlorhydric 
even with histamine ; this is in keeping with experience in other countries. 



]?IQ. 23. — Assam coolic3 : males and females 
(gruel test meal). 



Fxo. 24. — Normal Indians in Caloutta (gruel test meal). 


With the alcohol test meal the acid curve on the whole tends to be higher ; 
this is particularly noticeable in the first post-prandial Bamplo in which the initial 
drop in acidity, due mainly to the neutralization of the acid by the meal, may be 
absent. Another difference is that the maximum acidity is usually reached earlier 
when alcohol is given as a test meal. 
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Other indications given by gastric analysis 

In chronic gastritis, in the early stages there is hyperacidity and hypersecre- 
tion ; this latter is shown by the large quantity of fasting juice, but in the later 
stages there is gastric atrophy with accompanying hypoacidity or achlorhydria. 

In gastric ulcer there is usually increased acidity and blood may bB 
present. 

In gastric carcinoma, the findings arc sometimes very characteristic, but in 
the early stages there may be no indications, so that it is dangerous to exclude 
carcinoma on the strength of a normal gastric analysis. There is achlorhydria, 
excess of lactic acid, and usually blood, and the Boas-Oppler bacillus is often 
present. If the cancer is at the pylorus there may be delayed emptying and food 
or charcoal will be found in the fasting juice which will usually be very sour and 
offensive. 

In gastric neuroses there is usually hypersecretion, and in dilatation of the 
stomach food retention and fermentation. 


16 

The red cell fragility test 

Introduction— When normal red cells are suspended in 0‘85 per cent saline 
they remain unaltered, but they become crenated when the concentration of the 
saline is raised above 0‘9 per cent, whereas they aTe hmmolysed, or ‘ laked 
when the concentration is lowered below 0'45 per cent. 

The study of the reaction of the red cells in hypotonic saline solution is known 
as the fragility test of the red cells. The test can be done by either a qualitative 
or a quantitative method ; it is conveniently done with fresh oxalated venous 
blood collected for routine examination of the blood (p. 35), but it can also be 
done with ordinary (non-oxalated) venous blood, or with the capillary blood from 
the finger. 

The fragility of the red cells is expressed in terms of percentages of 
sodium chloride solution, namely, the points at which hromolysis commences 
■ and at which it is complete. 

Qualitative method 

To each of a series of numbered test-tubes containing saline solution of different 
graded concentrations, one drop, or two drops of blood axe added ; the contents 
of the tubes are mixed well and allowed to stand for about 2 hours, after which, 
the numbers of the two tubes that show the beginning of bcemolysis ajid complete 
haemolysis are noted, and from these the strength of the corresponding sahne solu- 
tions are calculated. 
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Apparatus and reagents required 

(i) Accurate solutions of sodium ohlorido, 0'5 por cent and l - 0 per cent, standardised against 

silver nitrate solution. 

(ii) Small test-tubes. 

(its) Metal rack for holding the tubos. 

(in) 5 or 10 o.om. syringe with necdlo of fairly wide bore. 

A convenient form of rack is tliat used for the Wasscrinann reaction. The 
holes are in two rows, with single tubes at either end of the rack. The holes are 
numbered 12 to 24 and those at eaoli end * S ’ and 1 W ’ (figure 25). 



Ska, 25. 

Technique 

With a syringe fitted with a needle of fairly large bore, or with a capillary 
pipette, put into each tube the number of drops of 0-5 per cent sodium chloride 
solution indicated by the number on the rack opposite that tube, and 25 drops 

in the tube marked S. 1 

* 

Wash out the syringe, or the pipette, thoroughly with distilled water. With 
the same needle or pipette, add a sufficient number of drops of distilled water to 
bring the total number of drops of fluid in each tube up to 25, and 25 drops of 
distilled water in the tube at the end of the rack marked W. 

Example . — 

Numbers on racks opposite W 12 13 14 IB 16 17 ,, <u e 

test-tubes. " ” 

Number of drops of O'B por 0 12 13 14 16 10 17 . oa nr 

cent NaCl to bo put into " A “ 6 

eaoh test-tubo. 

Number of drops of distilled 26 13 12 11 10 0 8 lo 

wator to bo added to eaoh ’ * 1 * u 

test-tube. 

Shake eaoh tube thoroughly to get a uniform mixture. To each tube add 
one drop, or two drops if the patient is very anasmic, of blood with a syringe, eithor 
directly from the patient or from the oxalated blood in the flask. (If great accuracy 
is aimed at, the test should be performed with washed red cells, as the red cell is 
protected from hramolysis by its own plasma.) 
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Shake all the tubes again. Place the rack with the tubes on a flat even surface 
and allow it to stand for about 2 hours at room temperature. If there is any special 
need for hurry, centrifuge all the tubes for about 10 minutes and take the readings 
at once. If possible, put up a parallel test with normal blood as a check to the 
accuracy of the sodium chloride solution. 

Reading the results . — Hold the rack with the tubes level with your eyes against 
daylight. Note the number of the tube in which haemolysis is first Bhown and 
also the number of the tube in which it is quite complete. Examine the tubes 
coinmencing from tube No. 25 and proceed towards the other end ; the first tube 
showing a tinge of reddish colour in the supernatant fluid indicates the beginning 
of haemolysis and the first tube in which all the corpuscles are laked and no 
corpuscular residue is visible, even after centrifugalization, indicates the point 
of complete haemolysis. 

The result is expressed as a percentage of sodium chloride solution and is 
calculated by multiplying the figures on the tubes by 0'02. 

Example . — The first tube in which the supernatant fluid shows any pink colour is numbered 20. 
The first tube in which there is no corpusoular residue fa numbered 16. 

Therefore, lramolj'sis begins at 20 X 0‘02 = 0'40 per cent saline. 

haemolysis fa complete at 16 X 0*02 = 0‘30 per cent saline. 

"When the test has to he earned out with very fragile cells, e.g. in acholuric 
jaundice, concentration of sodium chloride of over 0‘5 per cent may be required ; 
in such a case use 1 per cent solution instead of 0 - 5 per cent and proceed with 
the test in the same way as before. Take the readings and multiply the numbeis 
on the tubes by 0 04 to get the percentage of the saline. 

Normally partial hsemolysis begins at about 0‘44 per cent, and is complete 
at about 0 30 per cent saline. * • 


Quantitative method 

The * qualitative ’ method would he quite accurate if all the cells m 
any particular sample were of the same fragility, but the individual cells vary 
in their fragility just as they vary in their size. It is therefore important 
to know what percentage of cells have been haemolysed by each solution. 
This quantitative method is more laborious, hut is worth doing in special 
cases. 

Principle , — A number of accurate red cell counts are done in the usual way 
except that instead of the standard diluting fluid different strengths of salt 
solutions* are used ; from the results an accurate quantitative graph of the frngi ity 
is plotted. 


(10351 Itt ^ ,uros ®flts identical with those in the blood, but Whitb 

method oa'acMmnt'nf^f re . su ^?. ““g sodium chloride solutions; wo rocommea. 
W oa flccount of lts complicity, but the pH should bo above 7-0. 


and Hynes 
tho latter 
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Apparatus required 

As in red cell count (p. 44). 

Also, accurate solution of sodium chl'orido (standardized against silver nitrate solution) from 
0 - 3 to O' 7 per cent -with intervals of 0‘05 per cent. 

Technique— TAX Ted cell pipettes as in the red cell count using different 
strengths of salt solution ranging from 0'3 to 0'7 per cent with intervals of 0'05 
per cent. Allow the pipette to stand on an even surface for about 15 minutes, 
shake it well, and then count the red cells in the usual way (see enumeration of 
red cells, p. 43 el scq.). 


Repeat this count with each solution and include a control with the usual 
diluent. 


From the above counts calculate the number of cells that become hremolysed 
in different strengths of the salt solution and plot a curve. The normal limit of 
fragility of the red blood cells, as deter- 
mined by the quantitative method of 
Whitby and Hynes (1935), it shown in 
figure 26. 

Discussion 

The fragility test is based on the 
assumption that there is some parallelism 
between the fragility of the erythrocytes 
in vitro and their susceptibility to haemo- 
lysis in vivo. Though it is very unlikely 
that the mechanisms of these two processes, 
neither of which is fully understood, are 
identical, there is the evidence that in 
certain conditions, e.g. acholuric jaundice, 
where the red cells are particularly liable 
to haemolysis in vivo, they are hoemolysed 
by hypotonic saline solutions that would 
not affect normal erythrocytes. 



In the physiological process of red cell demolition, there is some evidcnco 
that the red cell, normally a biconcave disc, becomes more spherical in shane 
before it disintegrates, and in many ‘ haemolytic ’ anaemias it has been shown 
that the red cells are more spherical than the normal red cells These spherical 
cells appear to he more susceptible to haemolysis by hypotonic salt solutions 
but it is certain that this is not the only change that brings about this increased 
fragility. 


In all cases of obscure anaemia it is certainly worth carrying out the fragility 
test, by the quantitative method if this is feasible, not only in the interests of accurate 
diagnosis but in order to add to our knowledge of the aetiology of the many types 
of anaemia about which our knowledge is incomplete. J 
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Procedures employed in investigating haemorrhagic diseases 

Introduction. — In the study of hmmorrhagic diseases and haemorrhagic 
diatheses, a number of procedures are commonly carried out that should be included 
in this series on hematological technique. These are - 

A. Estimation of the coagulation time. 

B. Estimation of the bleeding time. 

C. Quantitative estimation of prothrombin in the blood, or determination 

of prothrombin time. 

D. Capillary resistance test. 

E. Study of clot retraction. 

F. Platelet count (vide p. 61 cl scq.). 

The study of clot retraction gives little additional information of value, as it 
appears to be dependent entirely on the platelet count, but, as it provides confirm- 
atory evidence, we have included it. The estimation of blood calcium also has 
some bearing on this subject, but is essentially a biochemical test and will not be 
described here ; further, though calcium deficiency could theoretically lead to a 
haemorrhagic state, in actual practice it does not appear to do so, unless associated 
with other deficiencies. 

D iscussi on .'-Briefly stated, and essentially, coagulation of the blood is depen- 
dent on fibrinogen, ionized calcium, prothrombin and thrombokinase (thrombo- 
plastin). The first three are present in the plasma, while thrombokinase is derived 
from the disintegration of the platelets and damaged tissue ; the chain of events 
is as follows 

Prothrombin *4- ionized calcium 4- thrombokinase (thromboplastin) — s- 
thrombin. 

Thrombin -f- fibrinogen — fibrin. 

Fibrin -f- cellular elements of blood blood clot. 

Clot -f platelets — the retracted clot. 

(This leaves out of account the interaction between anti-prothrombin, 
prothrombin, and thromboplastin ' substances. Heparin— anti-prothrombin— -is 
a very real substance, but whether it exists in the circulating blood in health does 
not seem definitely established, so, for the sake of brevity and, we hope, clarity, 
we have not considered the part it may possibly play in preventing clotting in the 
circulating blood.) 

All the above substances are normally present in the blood ; a defect 
in any of them will cause a break in the continuity of the chain and will lead to 
haemorrhage, 
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Know causes of the hmmorrhagic state are : — 

(i) Deficiency of platelets (and consequent deficiency of thrombokinase), 
, as in thrombocytopenic purpura. 

(ii) A defect of the platelets so that they do not disintegrate at the usual 

rate, as in haemophilia. 

(tit) A deficiency of prothrombin in the blood, as in vitamin-K deficiency. 

(in) Fibrinogen deficiency, as in prolonged chronic hromorrhage. 

(y) A defect in the capillary walls, as in vitamin-C deficiency. 

In (i) there is a decrease in the platelet count, a normal coagulation, but a 
prolonged bleeding time, and poor clot retraction ; the prothrombin 
is' normal. 

In (ii) the bleeding time is normal and the coagulation time is prolonged. 

In (tvi) the bleeding time is normal and coagulation time prolonged ; 
prothrombin is decreased, but the clot retracts normally. 

In (iv) the bleeding time is normal and coagulation time prolonged ; and 
the clot retraction is defective, but prothrombin is normal. 

In (v) the bleeding time is prolonged and the ‘ capillary resistance ’ is 
decreased, but the coagulation time, prothrombin and clot retraction 
are normal. 

A. COAGULATION TIME 

Various methods have been described for the determination of the coagulation 
time, but it is essential to adopt one method and to follow the technique as uniformly 
as possible, for the normal coagulation time varies very considerably with the tech- 
nique, with the temperature, and with the diameter of the tube used ; it is also in- 
fluenced by admixture of the blood with tissue juice or any other foreign substances 
It is advisable first to determine the coagulation time of a few normal persons in 
each laboratory ; all subsequent examinations must be done exactly in the same 
way and the results interpreted in relation to the normal findings. 

Two methods are described, as we have had considerable experience with 
each : — 


I. Capillary tube (Wright’s) method 

Apparatus and reagents required 

(i) Fine capillary tubes, with diameters from 0-8 to 1*2 mm. and six inohes long, 
(it) Pricking needle or blood gun. 

(tit) ♦Water-bath, or warm water in a beaker at 37 e C., with a thermometer. 

(iv) Spirit lamp. 

(«) Stop watch. 

(tii) Alcohol. 

(oil) Ether. 

(oii'i) Cotton-wool. 


* This is unnecessary in the hot weather months in India. 
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Teclmique.—Ghan a finger or an ear lobe, first with alcohol and then with ether. 
Puncture sharply and fairly deeply with a blood gun or a pricking needle, so that 
blood will flow freely without the necessity of squeezing. Discard the first two 
drops of blood, and then fill a capillary tube up to three-fourths of its total length 
with blood (the capillary tube will fill by capillary attraction when held against 
the drop of blood). Note the time by the stop watch when the blood first enters 
the capillary tube. Seal the free ends of the tube in a flame and put it in warm 
water (37°C.) in a beaker. Repeat the process with two other tubes, noting the 
time of the commencement in each case. 

After one minute, take out the first tube, gently break off a portion of the tube 
from one end, and repeat this every 15 seconds until a thin line of unbroken 
coagulum is seen stretched between the two broken ends ; note the time. The 
difference between the two times by the stop watch is the coagulation time. 
Repeat the procedure with the other two tubes, breaking them at intervals of 15 
seconds, and find out the coagulation time for each tube. 

Take the mean of the three readings ns the coagulation time. 

Normal time limits = 1 to 3 minutes. 


Et. Method of Lee and White (modified) with venous blood 

Apparatus and reagents required (additional). 

(i) An all-glass 5 c.cm. syringe, with a needle of fairly largo bore. 

(if) Small paraffined test-tubes’ 1 ' J inch in diamotor with rubber corks, in a rack. 

(iff) Normal Bftlino. 

(iv) Hard paraffin in a metal or porcolain bowl. 

Prepare a water-bath at 37°C. ; place the paraffined tubes ready in the bath 
in an upright position. 

Collect 5 c.cm. of blood from a vein in an all-glass syringe immediately after 
washing it out with normal saline, Note the time by the stop watch when the 
blood enters the syringe. 

Take ont the needle from the syringe, and put exactly 1 c.cm. of blood into 
each of the three tubes. Cork the tubes with rubber corks and allow them to stand 
in the water-bath. Wait for 3 minutes, and then every 15 seconds in rotation 
take a tube and tilt the contents to see if the blood has set. Continue doing this 
until the blood is found to have set, so that the tube can be inverted without 
spilling any blood ; note the time. 

Normal time limits = 3 to 6 minutes. 


* Preparing paraffin tubes — Melt some paraffin in a clean vessel. Place a test-tube with a glass 
tunnel, whioh has been previously warmed, in a rack. Pour tbe melted paraffin through the funnel 
into tbe tube up to about two-thirds of its length. Remove the funnel and pour baok the excess 
pnramn from the tube into the vessel. Immerse the tube in cold water, taking care that no water 
enters tbe tube ; when the test-tube is cold there will be a thin coating of paraffin inside the tube. 
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Comment . — The second method is more accurate, as certain disturbing factors, 
e.g. tissue juice, are eliminated. 

B. BLEEDING TIME 
L Duke’s method 

Apparatus required 

(i) Frioldng needle or blood gun. (Hi) Stop watch. 

(it) Mter-pnper. (in) Sphygmomanometer. 

Clean the ear lobe or the dorsal surface of a finger, first with alcohol and then 
with ether. (The tip of the finger is not suitable for this test as it is horny in many 
cases.) Prick the selected site fairly deeply with a blood gun or a pricking needle, 
so that blood flows freely without squeezing. Soak up the blood which comes out 
with a clean piece of filter-paper without touching the skin. The flow of the blood 
should be such that the first impression on the filter-paper has a diameter of about 
half an inch. Without squeezing or pressing the finger, continue to soak up the 
blood with the filter-paper every 30 seconds until the bleeding stops. 

The time from the first appearance of the blood until the cessation of bleeding 
is the bleeding time. 

Normal limits = 1 to 3 minutes. 

II. Venous pressure method (Ivy cl al., 1935) 

Put the cuff of a sphygmomanometer around the arm above the elbow as is* 
done in taking blood pressure. Select a portion of the forearm below the olbovf 
and clean it with alcohol! and ether. Raise the pressure and maintain it at 40 mm. 
of mercury, which is sufficient to check any venous return. Prick sharply up to a 
depth of about l/10th inch, at a point free from any superficial veins, so that blood 
will flow freely. Soak up the drop of blood every 30 seconds, as in method I until 
the bleeding stops. 

This method is superior to method I, as the capillaries are kept wide open and 
their tone eliminated ; also the area selected for puncture is uniformly thin. For 
these reasons more consistent results are obtained with this method than with 
method I. 

Normal limits = 2 to 4 minutes. 

C. QUANTITATIVE DETERMINATION OP PROTHROMBIN TN 
BLOOD; PROTHROMBIN TIME ' 

Apparatus required 

(i) Ten c.otn. record syringe. . * (iv) Water-bath with a thermometer 

(«)• Centrifuge tubes. (r) Capillary pipottes with teats 

[Hi) Small test-tubes in a raok, (pi) Stop watch. 

N, A? o' 
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Solutions required 

(«) Sodium ojcolnto solution : dissolve 1*34 of chcmically-puic anhydrous sodium oxalate in 
100 c.cm. of distilled water. 

(u) Calcium chloride solution s dissolve 0*275 of chomically-pure anhydrous ealoium chloride 
in 100 o.om. of distilled wator. Cheek tho strength of the solution by titration against silver 
nitrate solution. 

(m) Thromboplastin solution. 


Preparation of thromboplastin solution 

Satisfactory results will be obtained witli either of the following substances - 

(а) From rabbit’s brain : Dissolve 0*3 of dehydrated* rabbit’s brain in 

5 c.cm. of normal saline containing 0T c.cm. of sodium oxalate 
solution, incubate at 45°C. for 10 minutes and finally centrifuge at 
a low speed for 5 minutes. Pipette off the milk}' supernatant fluid 
and keep the solution in a cold incubator, floating a little toluene 
on the top of the solution. The solution will keep for more than 
a month. 

(б) From Russell’s viper venom. 

A 1 in 20,000 solution of Russell’s viper venom gives a potent thromboplastic 
solution. In the dried state the venom maintains its full potency indefinitely ; 
kept in a refrigerator with toluene, the solution also retains full potency for more 
than a month (Iyengar et ah, 1941). 

Technique .— A slightly modified Quick’s method is followed 

Put 0 5 c.cm. of sodium oxalate solution into a centrifuge tube. 

Collect blood in a dry syringe (vide p. 36) and put 4‘5 c.cm'. into the centrifuge 
tube containing oxalate solution ; mix well. 

Centrifuge until the plasma completely separates ; carefully pipette off the 
supernatant plasma and put it into another dry sterilized tube. Put exactly 
0*2 c.cm. of plasma into each of the three tubes marked A, B and C and place them 
in the water-bath at 37°C. 

Take out one tube at a time and to each add exactly 0‘2 c.cm. of thrombo- 
plastin solution and 0*2 c.cm. of calcium chloride solution. 

Note the time when the ealoium chloride solution is added; shake gently 
keeping the tubes in the water-bath ; and again note the time when the clot 
first-appears. - - 
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Repeat the experiments with the other two tubes. Take the means of the 
three headings ; this gives the prothrombin time. 

Normal = 15 to 25 seconds. 

[More recently, we have determined the prothrombin time in a few cases by 
usin g Russell-viper venom alone and with ovolecithin added to it in the proportion 
recommended by Witts and Hobson (1940). With other workers, we have found 
that the addition of ovolecithin shortens the coagulation time and the results are 
more uniform. 

Normal prothrombin time with ovolecithin = 10 to 15 seconds.) 

D. HESS’ CAPILLARY RESLSTANOE TEST. 

Apparatus required 

(i) Sphygmomanometer. (t'ii) Hand lens. 

(ti) Stethoscope. (*«>) Skin marking pcnoil. 

Place the cuff of a sphygmomanometer on the arm above the elbow as in 
taking the blood pressure. 

Determine the systolic and diastolic pressures ; release the pressure. With 
a skin (or glass) pencil mark any purpuric spots that may be present on the 
forearm. 

Raise the pressure to a point midway between the systolic and the diastolic 
and maintain it at this point for 5 minutes. Remove the armlet and examine 
the forearm in a strong light, and if necessary with a hand lens, for purpuric Bpots 
(other than those already marked). A positive result, indicating decreased' 
capillary resistance, is shown by the presence of a number of small fresh purpuric 
spots distributed over the forearm below the point at which the armlet was applied. 

The process should be repeated on the other arm. 

E. CLOT RETRACTION STUDY * : 

When blood coagulates, a clot is formed which after a time contracts and 
expresses the serum; the clot itself then shrinks and becomes hard. Detraction 
of the clot, as it is called, varies directly with the number of platelets in the circula- 
tion but is independent of the coagulation time ; with a low platelet count; 60,000 
per c.mm. or below, it takes over 24 hours for the clot to separate and the clot is 
soft and friable. 

Apparatus required 

(i) Same os for ooUeoting blood. 

(ti) Graduated 10 o.om. centrifuge tubes, enoh fitted with a oork having a bole in the centre. 

(iii) Glass rods with flanges, about tbo size of a silvor 4-anna piece half an inok from the end. 

(it)) lost-tubo raok. 

Method of Macfwrlane -.— Collect blood from the patient in a dry syringe (vide 
p. 36). 
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Put 5 c.cm. of blood into the centrifuge tube. Put in the cork 'with the glass 
rod passed through the hole in the centre of the cork. See that the flanged end 

of the rod is near the bottom of 
the centrifuge tube (figure 27). 

Place the tube in an upright 
position in the rack and put the 
rack into an incubator at 37°C. 

Prom one hour onwards, 
examine the tube from time to 
time for clotting. 

After one hour of clotting, remove the clot by drawing out the glass rod (the 
clot will adhere to the flanged end of the rod). 

Note the amount of fluid in the tube. 

The amount of fluid in the tube divided by the amount of blood put in the 
tube and multiplied by 100 gives the percentage of retraction. 

Example . — Suppose 5 c.cm. of blood was taken and 3 c.cm. of fluid was left after the removal 
of the clot. 

Retraction =J X 100 = 60 per cent. 

Normal retraction = 48 to 64 per cent. 

The clot is also examined for firmness and friability. 

Clot retraction is low in thrombocytopenic purpura, but is normal in 
haemophilia. 




r rm 


ID 


Bid. 27. — Showing centrifuge tube with glass rod in 
position. 
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Red cell diameters : Price- Jones curve 

Introduction . — In the normal blood, the red cells are not all exactly the same 
size, but in no instance does the cell size deviate very much from the mean. 
However, in some forms of ansemia the mean size of the red cells is much below the 
* normal * mean ; in others, it is far above it. But, in the latteT case, there are 
nearly always some exceptionally small cells as well, so that the picture presented 
is that of cells of a great range of different sizes. This blood picture is best presented 
in the form of a curve, the abscissa being the size and the ordinates the number of 
times that cells of the particular size have been encountered (i.e. the frequency). 
In the normal count, the curve rises sharply from the base line at about 6 0 ft 
to a peak at 7'25p and then falls almost to the base line again at 8 '5 Op. 
graph is usually known as a Price-Tones curve. In the normal individual 
the shape of the curve is more constant than the mean diameter of the cells, 
which in a group of individuals will vary wi thin, * bufT rarely fall outside, the 
range fify to 7'8j*. " ‘ 

Price-Jones calculated what he called ‘ ideal ’ maximum and minimum normal 
curves (Price-Tones, 1933). 
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In different forms of ansemia tins curve will vary in shape, its median will 
move to the right or to the left, and it may be of the normal height, or flatter than 
normal. 

These variations in the curve can be expressed in figures. The median can be 
given in terms of microns, but it is more usual to give the mean corpuscular diameter 
(MOD) also in microns ; the flatness of the curve is shown by the standard 
deviation (cr) of the diameters of the cells from the mean diameter, or more accu- 
rately by the co-efficient of variation (a), and also by the percentage microcytosis 
and macrocytosis. These data can all be calculated from the Price-Jones 
curve. 

The measurement of cell volume percentage and calculation of the mean 
corpuscular volume (MOV) has been described already in an earlier paper in this 
series ; this MOV gives the volume of the cells but not their diameter. Further, 
it is a ‘ mean ’ measurement and from it one gets no idea of the range of size of the 
individual cells ; it is therefore more limited in its application than the Price-Jones 
curve. 

Neither measurement, however, alone will give information on the thic lmngp 
of the cells, but this can be calculated from the MOV and MOD. The method of 
malting these calculations will be described later. 

The technique of the measurement of cell diameters . — The technique described 
below is a modification of Hynes and Martin’s method of measurement of red cell 
diameters. 

The images of the cells are projected on the vertical ground-glass screen of a 
Bausch and Lomb euscope, at a magnification of 2,000, and the measurements 
are made with the help of a celluloid protractor on which a series of circles with 
diameters increasing by the equivalent of 0'25/t, have been drawn. ’ 1 


Apparatus required 

(i) A Bausch and Lomb euscope with projection soreen, 

(ii) A mcchanical-fced arc lamp with condenser, working at 4-5 amperes. 

(«<) A ^“ r j Containcr fiUed with distillod wator for cooling the beam of light from the arc lamp 

{iv) A microscope ^ with oil-immersion objective and eye-piece to give a magnification of 2 000 
on the projection screen of the ouscope. ° 

(«) A stago micrometer soalo (Zeiss) with divisions 10g. apart. 

(ct) A celluloid cm./mm. soalo. 

(vii) Celluloid protraotor for measuring the cells (v.i.). 

Preparing the celluloid protractor .—. At a magnification of 2,000, lucorresnonrl H 
to 2 mm. and 0-25 to 0-5 mm. The circles on the protractor are draw/with 
diameters increasing by the equivalent of 0-25^ (0-5 mm.), i. e the radii of the 
circles increase by 0-28 mm. The measurements of the radii of the series of circles 
are hest obtained from a diagonal scale drawn to give measurements in multiples of 
0*25 mul l * 
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area. The magnification of the apparatus is adjusted to be 2,000 by using a 
suitable oil-immersion objective and eye-piece, and varying the length of 
the draw-tube of the microscope. [A Zeiss microscope with objective 90, and 
a Leitz eye-piece 15 X , with a draw-tube length of 154 mm. gives a magni- 
fication of 2,000 on tlie projection screen of the particular euscope used in 
our laboratory.] 

To find the magnification the distance between the images of two lines of the 
scale is measured with the celluloid cm. /mm. scale and, at a magnification of 2,000, 
the images of the lines of the scale are 2 cm. apart (2 cm. = 20,000/t). [If the 
different components of the apparatus are kept fixed after the above adjustments, 
the measurements can be carried out without repeating these adjustments every 
time.] 

Measuring the cells . — The micrometer scale is next removed, the blood film, 
stained with a Romanowsky stain and counter-stained with 1 per cent aqueous 
cosin solution, is placed under the oil-immersion 
objective, and the image of the colls is focused on 
the ground-glass screen of the euscope. Only those 
images of the cells that fall within the reduced field 
are measured. The celluloid protractor with the 
series of graduated circles is superimposed on the 
image of the corpuscles to find the circle that fits 
the image of each cell. Each cell is measured to 
the nearest 0-25 /t . The measurement of circular 
corpuscles is quite easy. In the case of the irregular- 
shaped corpuscles, a circle is found such that the 
area of the corpuscle falling outside the circle is about the same as the area of the 
circle unfilled by the image of the corpuscle (see figure 30). Five hundred cells are 
measured from different parts of the blood film. It is better to avoid the ‘ tail ’ 
end and the thick parts of the smear, as in the former the cells are excessively 
Bpread out and in the latter the cells overlap and are not well spread. 

Recording the results.— By this method, 500 cells can he measured in about 
40 to 90 minutes, the time depending on the size of the cells and the decree of 
poildlocytosis ; the larger and more irregular the cells the longer is the time 
required. An assistant is needed to note down the measurements and record 
the number of cells counted with a counting machine of the type of a Yeeder 
counter. 

From the figures obtained, the mean diameter, standard deviation, and co- 
efficient of variation axe calculated. A Price-Jones curve is drawn by* plotting 
the figures on graph paper. The degree of microcytosis and maorocytosis can also 
be determined from this curve, by comparison with the maximum and minimum 
ideal curves ; the overlapping of a curve beyond the minimum ideal curve on 
the low side and the maximum curve on the high side indicates the decree of 
microcytosis and macrocytosis, respectively. ° 


OO Q 
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Method of calculating .— The following figures show the method of calculating 
the mean cell diameter (MOD), the standard deviation (<r), and the co-efficient of 
variation («). 

6'5ju, the median, has been taken as the arbitrary mean. 


Table XVI 


t 

Diameters 
in microns 

: 

Number of 
corpuscles in 
each olass 
(0 

1 

Deviation (d) 
of each class 
from arb. mean, 
in 0‘25 n, 
i.e. the class 
interval 

fx d 

f X d 2 

5-25 

4 

- 6 

- 20 

100 

5-60 

IS 

- 4 

- 72 

288 

6-75 

34 

- 3 


30G 

6-00 

67 

- 2 

- 134 

268 

6-25 

74 

- 1 

- 74 

74 

0-50 

107 

0 


O 

6-75 

70 

+ 1 



7-00 

50 

+ 2 



7-25 

46 

+ 3 

+ 138 


7-50 

18 

+ 4 | 

+ 72 


7-76 

6 

+ 6 

+ 25 

125 

8-00 

4 

+ 6 

4" 24 

144 

8-25 

2 

+ 7 

+ 14 

98 

8-50 

1 

+ 8 

+ 8 

64 




+ 451 



500 

• 

+ 49 

2,439 


n = total number of observations = sum of frequencies (f) ~ 500. 

2 f d = sum (I) of the product of the frequencies (/) and the degrees of 
deviation (d) from the mean = -f 49. 


2 f d 2 = sum of the product of the frequencies (f) and the squares of the 
• deviations (d 2 ). 

Class interval = 0-25^. 


Mean corpuscular diameter (MOD) = arbitrary mean 



X class 



= 6‘fi + X 0 - 25 )/x = 6-5245jt. 


Standard deviation (<r) == /IpZpIIJ 5 x class interval =* /fj- [^f 

X 025/t= V 4 - 878 — (^OBBys x o-25 M=? V4'878-0'0096 X 0 25 /* = V4868 X 0'25,x 
==2-206 X 0-2&p = 0-551/*. 


Co-efficient of variation (v) = x 10 ° — Q-6SI x loo 0.4. per cent. 

v ' MOD 6-525 * 
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From the mean corpuscular diameter (MOD) and the mean corpuscular 
volume {vide p. 65), the mean corpuscular average thickness (MCAT) can he 
calculated, by means o! the following formula : — 


™ Afn MOV MOV 
MOAT — 2 — /MOD) 2 /*• 

\ 2 ) 


Example . — Lot 90 cu. /t bo the moan corpuscular volume (MOV) and 0'52/t tho mean corpusoulnr 
diameter (MOD). 

«L. n 

'Q-52\2 M 

2 / 


Mean corpuscular average thickness (MOAT) 
90 


•C 


3-14 x (3-2(1)* 


ft = 2-09/1. 


The normal range of MCAT is from 1*7 to 2‘D/* (Price- Jones, Vaughan and 
Goddard, quoted by Whitby and Britton, 1939). 

In order to calculate the percentages of microcytosis and macrocytosis, it is 
necessary to have ‘ ideal ’ minimum and maximum curves for the population in 
which the investigations are being carried out. Price-Jones calculated tho ‘ ideal 
curves ’ for subjects in Great Britain. Working on similar lines, we (Napier, Sen 
Gupta and Chandra Sekar, 1941) have worked out two similar curves. Two 
smoothed curves are shown in figure 31 and the expected frequency distributions in 
• the ideal minimum and maximum curves are given in table XVII. 

To arrive at the percentage microcytosis and macrocytosis, tho number of 
cells of each size (below G'9 p), in excess of .the number of that particular size 
that appear in the minimum ideal curve, are summed • this number- divided by 
6, to reduce it to a percentage, is the percentage microcytosis. Similarly, the number 
of cells of each size (above 7 %), in excess of the number of that particular size that 
appear in the maximum ideal curve, are summed and divided by 5 to obtain the 
percentage macrocytosis {vide table XVII). 


Normals. 


London (Prico-Joncs, 
1933). 


Calcutta (Napier, Son 
Gupta and Chandra 
Sekar, 1941). 


Number 
of obsor- 

Mean 

DIA3IE 

oonrusooiAii 
TER (MCD)ft 

Standard devia- 
tion ( CT )p 

Co-deficient of 

VARIATION (l>) % 

vations. 

Max. 

Min. 

Mean 

Max. 

Min. 

Moan 

Max. 

Min. 

Mean 

100 

7-718 


7-202 

0-500 

0-400 

0-487 

7-30 

0*30 

C-32G 

25 

7-750 

0-937 

7-344 

. 

0*543 

0-341 

0-402 

8-74 

4-00 

0-097 





















MOD = 7-701/t- 

ff = 0'903m- , 

v = 11-6 per cent. 

Case 7. 

194 X 100 __ ^g-g per cent. 
Percenlace of microcytosis = 500 

7 X 100 _ i -4 per cent. 
.. macrocytosis = ggg 

MOD t= 0-434M- 
. <j = l*07/i. 

v = 10*6 per cent. 
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Significance of the findings . — It is n'otf possible here to enter into any extensive 
discussion on the significance of the different findings, hut as a general rule it 
may be taken that In cases that have a high microcytosis percentage and a low 
MOV the anosmia is due to iron deficiency. When such microcytosis is associated 
'with a normal, or even a higli MOV, it means that the cells arc thicker than 



Fio. 31.— Ideal maximum and minimum ourres based on Indian 
data (Napier, Son Gupta and Chandra Soknr, 1841), 


normal and there is a tendency to spherocytosis; such a condition is usuallv 
found m haemolytic antennas. Pernicious antomia shows a flat curve will, * 7 
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The investigation of a case and the reporting of results 

The question that we arc frequently asked is, what do you consider the mini- 
mum examinations that should be carried out in a cose of anramia ? We should 
be forced to reply that, with the exception of those in section 17, which apply 
particularly in kcemorrhagic diseases, at least all the examinations that have been 
described in this little book should be made for the proper investigation of a 
patient. 

In actual practice, nearly all the blood examinations can be carried out 
from a single specimen of blood and do not take a good technician more than an 
hour, if the Price-Jones curve is excluded. A certain amount of time can be 
saved by omitting the Arneth count, the fragility test, and the enumeration 
of thrombocytes, and there arc many circumstances in which these tests will 
give little information of practical value. This leaves the haemoglobin estimation, 
the total red and white cell counts, the reticulocyte count, cell volume 
percentage estimation (hsematocrit) and sedimentation rate, van den Bergh’s 
reaction, and white cell differential count, to be done as a minimum routine 
procedure in every case. 

The findings will indicate whether these examinations should be supplemented. 
Sternal puncture gives very valuable additional information, but it must not be 
considered as a short cut to diagnosis for it will seldom be of any value without a 
complete blood count, and further the identification of the various cells is very 
skilled work that necessitates considerable experience. 

There will be occasions when electric current is not available and in 
these circumstances it will not be possible to estimate the cell volume percentage 
satisfactorily. Although the mean corpuscular haemoglobin (MCH) usually, runs 
more-or-less parallel with tbe mean corpuscular volume (MOV), it will be advisable 
to make some measurement of the red cells, and, as in our experience clinical halo- 
meters are very inaccurate, the mean cell diameter should be measured by some 
modification of Price-Jones method. 

The inclusion of the erythrocyte sedimentation rate (ESR) in the minimum 
procedures might be questioned, but, if a Wintrobe’s tube is used for cell volume 
estimation, the ESR requires no additional apparatus and entails no extra labour, 
except tbe taking of a reading at tbe end of an hour, and the information it gives 
is often useful. 

Gastric analysis is important when the question of pernicious anaemia arises 
and in some cases of microcytic anaemia of doubtful aetiology, but except in these 
cases and as a general procedure in investigating, the function of the gastro- 
intestinal tract, dysfunction of which is so often an {etiological factor in anaemia 
in India, , we would not give it a high place in the order of importance, in the 
investigation of eases of anaemia in this country, unless there are associated 
gastro-intestinal symptoms. 
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For the complete investigation of the (etiological factors many other examina- 
tions will have to be carried out, e.g. the urine for albumin,' blood, and ova ; the 
stools for protozoa, helminths, and pathogenic bacteria, for fat content, and for 
the presence of occult blood ; and the blood for * blood grouping the Wasser- 
mann reaction, cholesterol, albumin /globulin ratio, etc. 


Controlling progress . — Circumstances will usually dictate how often blood 
examinations should be carried out during treatment, but there are certain poiifts 
which we will consider here. 


In the first place, when a seriously ill patient is admitted into hospital, he is 
often suffering from some degree of brnmo-conccntration, and a second examination 
made a few days after admission may show a marked drop in hromoglobin 
percentage, whereas the patient’s condition may have improved considerably. If 
allowance is not made for this fact, the effect of the first treatment that is given 
may be misjudged, nncl we have always ndopted the practice of making a 
second examination before prescribing specific treatment (except in urgent cases 
where an immediate blood transfusion is indicated). 


Further, there are many nutritional anaemias in India in which there is a steady 
improvement directly the patient is put to bed and given a good diet. Allowance 
must also be made for this fact, if the value of any special form of treatment is 
being estimated and, in such circumstances, at least two weeks of rest and diet 
should be allowed before the specific treatment is started. 


We make a practice of repeating the blood examination, including htemoglobin 
percentage, red cell count, reticulocytes, cell volume percentage, van den Bergh’s 
reaction, and ESR, and examination of the film for abnormal cells, once a week 
or earlier if a set-back is suspected or if the treatment is to be changed In 
special cases other examinations, such as the platelet and leucocyte counts are 
also repeated. ' ’ 


When any specific form of treatment is given a reticulocyte count is done daily ' 
from the 4th until about the 12th day, or, in a case where there is a reticulocyte 
crisis, until the reticulocyte percentage has fallen to its previous level. J 

The printed forms that we use in the School are shown below' ' There is onit 
possibly room for improvement. in these forms, and wo have modified them rJ!! 

time to time, but we find that, without being cumbersome, they arc sufficient 
our purpose. ^ juwiuug ior 


Form 1 is the ordinary report form which is sent to the ward and 
to the notes; size 8£ by 6} inches. and attache 

Form 2 is the sternal puncture report form, similarly sent to , j 

: ° " e ” tered 0n lie <* 8 

_ Form 3 is the card which we keep in the laboratory. The hmmrw j . 
which progress is judged are entered on the face of the cord a 01 
records of examination that' are not usually repeated on +7,« ™ ° t lCr data an( 
6J inches-stiff card. 7 P ° n tho rovcrse 5 size 81 
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FORM 1 


S. T. M, ANAEMIA DEPT. 

BLOOD REPORT 

Name —Sex — Age Wart! — Bed. 

r 


Iltcmoghbin (Helligo normal hremometor) .. .. .. percent. 

gm. per 100 c.cm. 

Bed blood cells . . . • .. .. •• •• per c.min. 

Reticulocytes .. .. .. .. ' • • •• percent. 

Cell volume • . .. .. * * •• *• per cent. 

Mean corp. volume .. .. .. .. •• c u.p. 

Mean corp. hemoglobin .. .. .. >• •• yy 

Mean corp. hemoglobin rono. .. .. .» .. jwr cent. 

While blood veils .. .. .. .. .. .. jxr c.mm. 

per cent. pee c.mm. 


Neutrophils 
Lymphooyles 
Large mnnonnelcars 
Eosinophils 
Basophils 

Arnotli count, I II in TV V Weighted mean Blood group. 
Abnormal cells. 

Platelets .. ..per c.mm. 

i 

Coagulation time .. .. .. •• Bleeding lime. 

Fragility of red cells .. .. .. ,. Prothrombin lime. 

Capillary resistance. 

Sedimentation ( Observed 
rate (1 hour) ( Corrected— 

T Direct 

Van den Bergh's test -j 

.(.Indirect mg. per 100 c.cm. 

Opinion. 


Date 
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FORM 2 


S. T. M. 


AN /ESII A DEPT. 


STERNAL PUNCTURE REPORT 


Name— 


-Age- 


- Ward - 


..Bed.. 


Total nucleated cells — 


Endothelial cells. 
Bed edl series. 
McgnloblaBt.. 
Erythroblast.. 
Macroblast — 


Normoblast.. 


White cell series. 
Granular scries — 


Myeloblast. 

Pre-myelooyte. 

I A. 

Noutro. myclocyto ^ 

meta-myelocyte 
band — ................ 

segmented 

Eosino. myelocyte. - 

mota-myelooyte 
band 




segmonted- 


Basophila- 


-.Reticulooytos.. 




Non-grnnnlar series — 


Lymphoblast.. 

Lymphooyto 


( A - 

IB.. 


Plasma oell 

Monoblast — 

Pre-monooyte..- 

Large mononuoleaT 

Megakaryooytc 

TJndifforontiatcd 

Parasites 


Date- 
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PART II! 


1 


The need for anaemia centres 

The fact tliat anaemia does not present a major problem in Western Europe, 
America and Australia suggests that a large proportion of the cases which occur 
in India are in the light of present knowledge preventable and indeed may be 
expected to disappear spontaneously when standards of living are higher, epidemics 
brought under control and the knowledge of treatment of anaemia more widely 
disseminated. 

In India, however, we are faced at present with this problem of anaemia which 
has come at last to be recognized as important, not only in causing widespread 
morbidity but also as responsible for a considerable mortality, this mortality being ' 
particularly high amongst women submitted to the extra strain of pregnancy. 
Further, not only is anaemia directly responsible for much chronic poor health and 
lowered efficiency but it predisposes to other infections, particularly sepsis after 
child-birth and abortion. 

Anaemia, although due largely to other and preventable conditions, cannot- 
be dismissed as something which will right itself as causative factors come under 
control. The condition needs much further investigation and in its major and 
minor forms a wider recognition and more adequate treatment. 

We find ourselves faced with — 

(a) lack of knowledge or incomplete knowledge regarding the etiology of 

many of the forms of antenna commonly encountered in India ; 

(b) lack of knowledge regarding the distribution of forms of anaania in 

different localities ; 

(c) the need for wider recognition of the problem amongst medical and 

public-health workers and tne general public, especially of the 
danger of anemia when it occurs in a severe form associated with 
pregnancy ; 

(d) the need for special facilities for the hematological examinations which 

are necessary to provide accurate diagnosis of the type of anemia 
present on which basis alone treatment can be carried out in a 
scientific and effective manner; 

( 149 ) ‘ 
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• (e) the necessary means of treatment •which ought to be made available 
for those unable to pay the cost, e.g. of drugs, injections, blood 
transfusion, etc. 

It is suggested that the most effective way of meeting these needs is the 
establishment of ansemia centres or clinics, either in separate buildings or in associa- 
tion with already existing institutions. We have clinics for tuberculosis, leprosy, 
kala-azar, etc. ; why not anaemia clinics ? The objection may be raised that 
anaemia is a symptom occurring in many diseases. This is true, but there are also 
many forms of ‘ primary ’ amentia, which though they are possibly only ‘ primary ’ 
because we do not yet know their cause, require special investigation before any 
attempt can be made either to treat or to prevent them. Progress in the knowledge 
of heart diseases, to take an example about which a similar criticism might be 
made, has been made through the agency of cardiological departments or institutes 
for the purpose. Further, because our knowledge is so incomplete regarding many 
{etiological factors, social, environmental, and dietetic, which are believed to be 
important in the development of an£emic states, as well as the infections which 
actually cause anaemia or predispose to its development, special centres which 
concentrate on all these aspects of the problem should he instituted. 

The limited facilities which exist to-day in all but the fewest places make it 
all but impossible for the practitioner and ill-equipped institutions to treat cases 
of anaemia scientifically, because the means of investigation are lacking. The 
result of this is generally that the underlying cause in a particular case of amemia 
is not discovered, so that even if thorough treatment is given the condition again 
recurs. Or again a case of ansemia is treated by too little of the required drug or 
for too short a time with little effect ; at other times either polytherapy or ‘ hit- 
or-miss ’ procedures are adopted which are both wasteful and expensive. 

The work of an ansemia centre or clinic should include diagnosis, treatment, 
and research. 

(a) Diagnosis . — Facilities should he available for hsematological and other 
pathological investigation of cases of ansemia sent from institutions or by general 
practitioners in the neighbourhood. The diagnostic report might include an 
indication of the line of treatment which is likely to be successful and the date at 
which another examination should he made. 

(b) Treatment . — Treatment should be provided for those unable or unwilling 
to obtain it elsewhere. Cases of a mild degree of ansemia can be treated as out- 
patients ; others will need in-patient treatment and the provision of beds in 
connection with the work of the ansemia clinic is an important question. This will 
be easily solved if the clinic is attached to a medical or obstetrical department. The 
cost of an ansemia centre in a separate building will be greatly increased by the 
provision of beds, and a more practical scheme would be an arrangement for 
accommodation in one of the existing hospitals. If the centre is to function to its 
greatest possible extent beds will certainly be required. The treatment of ansemia 
is often expensive and needs to be given for a prolonged period so that many persons 
ate not able to obtain the necessary treatment unless it is provided free of charge 
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But at present anti-anaemic drugs arc often wasted because treatment is not 
controlled by hceraatological and other investigations. 

(c) Research . — The antenna centre or clinic is the ideal place from which to 
carry out an anaemia inquiry, and if arrangements are available for providing 
treatment the work of such an inquiry is greatly facilitated. 

The cases sent for diagnosis to the centre will provide a general impression of 
the distribution of the types of anromia in the locality. The lines of further in- 
vestigation likely to be productive will become clear as york proceeds. The 
treatment clinic will provide mild cnscs for observation and make it possible to 
try out various kinds of nnti-anromic drugs. The in-patient beds will provide 
material for more complete investigation and prolonged observation. 

Staff 

The officer in charge of the centre should be a physician with special experience 
in hromatological work. The problem of anoomia is many-sided and needs to be 
tackled from the laboratory, the clinic, the bedside, and the field. It is important 
that the officer in charge should be at home in all these places. The slow progress 
of knowledge regarding the importance of anannia as a problem in India may be 
largely attributed to the fact that many of the most severe coses (associated with 
pregnancy) are still confined to the homes of the people and arc seen only by 
untrained attendants at child-birth, or are admitted to purdah hospitals where 
facilities for laboratory diagnosis are often meagre. Frequently, blood examina- 
tions arc earned out in laboratories where the pathologist does not see the clinical 
condition or watch the progress of the case and knows still less about the axiolo- 
gical factors, except in so far as other abnormal pathological findings are concerned. 
In order that the whole picture of a case of anaemia may be squarely faced, the 
background, environmental and personal, the diet and family customs, must be 
recognized as likely factors in the development of the condition and must be given 
the same consideration as is applied to the blood picture and the clinical findings. 

The number of staff of the centre in addition to the officer in charge will depend 
on the volume of work which is to be undertaken and whether beds ore associated. 
It is suggested that two medical assistants nt least will be required, one of whom 
should have hromatological experience and the other should be a woman with 
obstetrical experience. A health visitor for follow-up work in homes will be an 
essential requirement. 

There is something to bo said for a pathologist having.a detached viewpoint 
but in the case of anromia work it is suggested that there is more to be said for 
making workers share in the three-fold activities of the centre, namely, laboratory 
work, clinical work and field work. ' ’ J 


Publicity 

The propaganda value of an anromia centre should not bo forgotten. The 
mere fact of its existence has a value in itself, but after a few years of work it 
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should be possible, if the information collected is analysed, to draw conclusions 
regarding the causes of ansemia .in the locality and to indicate a plan of action 
whereby prevalent forms of ansemia may be prevented. 


2 

Conduct of an anaemia inquiry 

Choice op place on population 

The choice of place for an ansemia inquiry null probably have been indicated 
by hospital or dispensary reports of a high frequency of severe ansemia in the 
locality, or perhaps particularly in one section of the population. 

Before deciding finally to undertake an ansemia inquiry in a particular area, 
it is suggested that visits should be paid to the institutions for medical relief in 
the district, particularly women’s hospitals and welfare centres, to the health officer 
and to representative general practitioners. Useful information regarding the inci- 
dence of anaemia in the locality, the forms of the disease encountered and prevailing 
impressions in regard to its aetiology will thus be gained, and confidence will be 
established between the officer in charge and the local medical and public health 
workers. It may be possible to obtain figures regarding the incidence of anaemia 
from some of the institutions visited, and the degree of reliance which can be placed 
on the causes of death in thervital statistics may become evident in the course of 
friendly discussions. The contacts made and the information collected should 
make it possible to find out what line of inquiry will be likely to be most productive 
and what degree of co-operation will be obtainable. 

. It is to be expected that the most productive type of inquiry on a small scale 
wall be one in which a number of common factors exist in the environment, general 
and personal, of the group which is studied and the control group, for when this 
is the case the axiological factors are more likely to stand out clearly. 

A further point to remember, in the investigation of cases of ansemia in 
pregnant women, is that the period of time during which the case must be kept 
under observation is about a year and this will be easier in a controlled population 
such as is found in a tea garden or in certain industrial areas. Valuable help in 
keeping track of cases should he obtainable from the staff of welfare centres if 
health visitors are employed, and to a lesser extent from the pre-natal department 
of hospitals. 

The hcematological background 

. Jt ma J possible to obtain sufficient idea of the frequency of blood diseases 
in the general population from figures obtained from institutions and workers in 
the locality or from work which has already been done. If this is not so, random 
samples of blood may be taken for htemoglobin examination by a rough method 
(e.g. lallqvist) in, say, every person attending a hospital or dispensary on a single 
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day, and again by examining the lucmoglobin by the same method in students or 
school children in schools in different areas or of different economic status. The 
most helpful method of inquiry into the background will depend on the group 
which is chosen for fuller investigation. 

The selected group 

This may have been already decided upon because of a high incidence of aniemia 
in a certain group. If not, two main types of cases may be selected for study — 

(a) from a more-or-lcss controlled population, e.g. workers in jute or cotton 

factories, miners, tea-garden coolies, students; 

(b) from an uncontrolled population, e.g. hospital patients, drawn possibly 

from a wide area and difficult to follow up, or the welfare centre 
clientele, a mixed population but more restricted as to the area from 
which the people come. 

Whichever type of group is selected- a control group will probably be necessary 
and it is desirable that the control group should have, as far as possible, 
factors in common. For example, amongst the controlled population the control 
group should preferably be the non-anremic persons doing the same work, or 
chosen from non-workers living in the same neighbourhood. In the case of the 
uncontrolled population, it may be possible to get a control group from a hospital 
in a different locality, for example, suburban as compared with a congested area or 
from a welfare centre in a different district. 

Another series of cases which might be selected for investigation is the popula- 
tion in a given area after a severe epidemic, c.g. of malaria, or after shortage of 
rain and failure of crops have affected the health of the people. 

Period of inquiry 

Clinical observation indicates that severe cases of anaemia come under observa- 
tion more commonly at certain times of the year and also that different forms of 
anaemia have different seasonal variations. The period of an antemia inquiry 
should therefore be at least two years. In the case of pregnant women the period 
during which a single case must be studied is about a year. 

Local epidemic and endemic diseases 

Some indication regarding these null be obtainable from local hospitals and 
public health records before the work begins. But every effort must be made to 
get more information on the subject as the inquiry goes on, and all workers should 
be taught the importance of enquiring into and reporting the existence of such 
diseases whenever they come across them, or when they get a history of them, 
either in the families concerned or in the neighbourhood. The assessment of the 
part played by such diseases in the causation of antemia will bo one of the most 
important conclusions in the report on the inquiry. 
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The ancemic group and the control group 

Ancemio group.— It is suggested that not less than 150 individuals (of 
which 50 should be men, 50 women, and 50 pregnant women) should be fully 
investigated. 

Control group . — This should consist of at least 100 individuals of which 50 
should be pregnant women. To provide these figures as a minimum on which 
results can be based, considerably more than this number may have to be examined, 
especially of pregnant women, to make up for unsuitable or incomplete cases. The 
ages of the individuals in the two groups should be similar and should lie between 
early adult and middle life. When students or school children are investigated, 
the control group should consist of individuals of similar ages. 

The control and anaemic series can be selected in one of two ways— 

(a) If the population contains a large number of anaemia cases, estimate 

the haemoglobin of each adult in the population and plot the findings 
in groups of 0‘5 gramme on graph paper. The so-called normals 
will usually fall into a normal curve and the anaemic individuals will 
be arranged irregularly below. It will then be possible to select 
two groups, the noxmals (control) and the anaemic, though the actual 
point of division may not be dear-cut and an arbitrary figure may 
have to be taken, full investigation may then be carried out in a 
number of individuals of each group. 

( b ) Or, if there are fewer anmmic individuals in the population, the controls 

may be selected from the apparently fit individuals, and the full 
investigation carried out. Those that show obviously abnormal 
features should be excluded from the finally selected normals. 
Similarly individuals showing liEcmoglobin estimation and those 
that fall below some arbitrary level (see below) are selected for 
complete investigation. 


Criterion for anccmia 

This must he an arbitrary figure. In a rural population it will not be feasible 
to consider anything higher than 7 grammes as severe anaemia, but in a city 
population, the vast majority of women may be above 10 grammes and any figure 
below this, but above 7 grammes, might be considered as indicating slight anaemia. 

In selecting patients as anaemic, it will he as well to consider only one feature 
^of the blood picture, the haemoglobin level. 


Method op work 

Control group. A physical examination, as indicated on the control group 
(i'orm is), should be carried out in each case as well as a blood examination. One 
examination only in the control group is sufficient. 
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The anaemic group (or cases for full investigation). — Each anaemic individual, 
man and non-pregnant woman, should have two full examinations of the blood 
and a physical examination on the lines indicated in the form for anremics. The 
interval between the two examinations should be two to three months. A home 
visit is necessary in each case in order to complete the form and gain the necessary 
background information. 

Pregnant women should be examined at least three times, i.e. twice in 
pregnancy and once after delivery at the following periods : — 

First examination in the second trimester of pregnancy, i.e. between the 
12th and 24th week of pregnancy and as nearly os possible at the 20th week. 
During this period the uterus rises from the level of the symphysis pubis to the 
upper border of the umbilicus. At the 20th week the upper border of the fundus 
is at the level of the lower border of the umbilicus in the recumbent position and 
the mother may be expected to have just begun to feel foetal movements. This is 
the time of choice for the first examination, because the minor complications of 
early pregnancy have passed. 

Second examination in the third trimester of pregnancy. The period of choice 
is between the 32nd and 34th week. 

Premature delivery is common ill ana>mia, and therefore the second examina- 
tion should not be unduly delayed. In severely anaemic women, it may be better 
to do it about the 30th week. After the 34th week the later complications of 
pregnancy are more likely to intrude, and other pregnancy toxamiias and 
oedema due to pressure may complicate the picture and make the interpretation 
of findings more difficult. It is suggested that, because of the normal variations 
in the blood which occur in pregnancy, it is better to try to eliminate the 
effect of these by examinations in all cases as nearly as possible at the same 
stages of pregnancy. 

Third examination (post-natal) — between the 3rd and 6th mouth after 
delivery, the period of choice being the 4th month. Special note should be made 
as to whether lactation is proceeding or not. 

Further examinations will probably be made in addition to the above, but 
it is suggested that those described are the minimum required and in analysis are 
those which should be used. 

Note . — When a case of anremia is found associated with such diseases ns 
tuberculosis, malignant disease or chronic nephritis, at the time of the first examina- 
tion, it is suggested that the case should be included but that further examinations 
should not be made. These cases are of interest in a series of auromic cases but 
are not likely to throw light on the causation of the more obscure anosmias in this 
country, and therefore it is better not to spend time investigating them if other 
cases of more doubtful etiology are available. On the other hand, a case with a 
history of malaria, especially chronic malaria of very long standing, and of chronic 
or subacute bowel disease should be fully investigated. The antemias following 
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these conditions are by no means clearly defined, and the importance of the part 
played by tropical infections in the causation of the tropical anaimias is one of 
the most important points that the inquiry should help to elucidate. 

The eorms 

Form A for anemia cases (or cases for full investigation). 

Form B for the control group. 

The forms are mainly self-explanatory. At least one home visit will be 
required, and the information regarding delivery (in the pregnant coses) will 
probably require visits to institutions or attendants. 

The general nutrition and the diet, quantitative and qualitative, taken by 
the individual need careful investigation, and association with a nutrition 
burvey is valuable, but this question and that of personal habits (c.g. hours of 
work, sleep, exert ise and the family customs) need to be intelligently considered 
and not mechanically noted. For example, in a meat-eating family the mother 
who may lie the subject of investigation may herself take practically no meat if 
she eats what remains after the other members of the family have eaten. 
Similarly, lack of sunlight entering a particular room where the woman spends 
21 hours of the day may be a fact of more importance than the degree of ventilation 
of the whole house. The workers in an inquiry should be taught to search for 
information such as this when filling up the forms. 

No quantitative estimation of the articles of food should be attempted unless 
this is provided by a diet survey officer. The difficulty in assessing the importance 
of diet in causing anannia lies in the fact that it may be the diet the individual was 
consuming some weeks or months ago that is important, rather than the food she 
is eating at the time of inquiry. It is therefore probable that general rather than 
specific findings may be more helpful. 

The greatest difficulty will probably be encountered in obtaining specimens 
of fceees for examination, but it is urged that this should be managed if possible, 
at least on one occasion. Failure to possess this information will handicap the 
report to a very marked degree. 

The hematological examinations required will be clear from the forms and 
it should be emphasized again that uniformity of method in the collection of 
specimens and in pathological technique should be maintained throughout the 
inquiry. Changes of workers should be avoided as far as possible, and it is 
most important that the workers employed should have been trained in special 
methods of hematological technique which are similar to those used in shnilar 
inquiries in other places, and that the instruments used should have been 
standardized. 
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FORM A 

ANiEMIA INQUIRY 


Serial No Hospital, Clinic, etc— 

Date , lteg. No, .In-patient Out-pationt — ■ 

Name - Address - — — — 


Placo and Province of origin Religion — Ago.. Sox 

Occupation (state) (of husband, of woman)- 

Ilomo conditions .• No. of rooms No. of inmntcs under 12 over 12 years- 

House clean, fair, dirty. Overcrowding Drainage. 

Economic status : poor, middle class or rich. (Remarks-. ) 

Diet (ordinary of family) -rice, wheat, meat, fish, eggs, green vegetables, fruit 

Milk (or curds) taken by individual daily 

If any change in diet lately, state 

Previous illness (particular inquiries should bo mado regarding the following s recent loss of blood, 
mnlaria, bowel diseases, deficiency diseases). 

Physical examination symptoms and their duration : — 

Presenting symptoms, if any wenkness shortness of broath..— 

palpitations swelling of feet or body — —sore mouth 

indigestion constipation diarrhoea others 

Signs : Nutrition -Pulse .Temperature Blood pressure 

Pallor— ..... — — — —lemon tinge—..—..—— — . j aundice . oedom a 

Nails cracked spoon-shaped -Tongue, palo — .'. — smooth flabby 

Ted, -sore furred Uoart dilated (state degree) murmurs 

Lungs - Wassermann reaction 

Abdomen spleen liver ascites , 

Septic fooi detected — — .... 


Pathological reports 
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In the case of women the following information should also ho obtained.— 

If purdahnashin (or relatively purdah 

Pregnant weeks, puerperal — - ...weeks. Not pregnant'. 

Menstruation (state type). Date of last m. p. — 


Obstetric history 




Complio. of 
preg. or 
labour 

Infaitp 

Number 

Term, prem, 
abortion 

Alive or 
still-born 

Healthy 

Died, age and 
cause 


1 

I 

1 



! 

i 



Progress of ‘pregnancy 


Date 

No. of weeks 
preg. or 
puerperal 

Height of 
fundus 

Blood pressure 

Urine 

KemakkS 




- 




Labour: Date of delivery. place - attendant. 


normal complicated (state) 

Htomorrhngo less than normal, normal, excessive ....... ....placenta 

delivered spontaneously, or other method of delivery ' ' 

Infant : alive, dead, full-term, premature months, abortion months 


Puerpcrium normal complicated fever 


Semarks by investigator. 
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Serial No. 

Namo or number 

Age — — --Religion.. 


Date 

Single — Married — Widow. 


Economic! status (poor : middle olass : rich) . 
Past illness 

Menstrual bistory — First monstruation - 

Regular — Irregular 


Scanty — Normal — Profuse _.. 

Pain— 


Constitutional symptoms ... 

Obstetric history — No. of children — Date of last 


No. of miscarriages — Date of last 


General diet : — Rico, ohapati, dal, vegetable, fish, meat, egg, fruit, sugar, milk, tea. 
Appetite j. -Digestion Bowels. 


Examination of the patient. 


General appearance- 
Anaemia 


Teotk 

Pulse rate- 
Hcart 


Tongue- 


■Jaundice ...... 

-Gums 


-Puffiness of fuce- 


- Liver. Spleen 


Pitting of tibico . 


Htemoglobin in grammes per 100 o.ora.. 
Red cells in millions per o.mm. 


Rcticulooytes per cent of red cells- 
Coll volume per cent- 

MCV- 

MCH- 

MCHC 


Leucocytes- 


-Differential count P. 


L. 


3L 


E. 


Blood pressure 

Van den Bcrgh (indirect) 

Sedimentation rate 

Wasscrmann reaction 

Urine 


Mgm. per 100 c.cm.’ 


Fasces- 




APPENDIX I 


Summary of the findings, conclusions and recommendations of an anaemia 
inquiry in Calcutta by L. E. Napier and M. I. Neal Edwards 
under the Indian Research Fund Association, 1937-39* 

Summary of findings 

Blood examinations were carried out and an analysis is made of the blood 
picture in 128 ‘ normal ’ non-pregnant women, in 64 * normal ’ pregnant women 
and in 467 pregnant women clinically chosen as anaemic ; of these women of the 
last group, 386 were first examined before parturition and 81 after parturition. 

For the purpose of analysis the anajmic women were divided into three classes, 
A — markedly amemic, 50 per cent or less (Hcllige), B— moderately amende, over 50 
per cent and under 68 per cent, and C — 68 per cent or over ; this last class acted 
as additional controls. The cases were further divided into three liromatological 
groups, microcytic, normocytic and macrocytic, so that there were altogether nine 
sub-groups. Epidemiological, pathological and clinical data were analysed 
with reference to these classes, groups and sub-groups. From this analysis the 
following conclusions were arrived at : — • 

1. The * normal ’ pregnant women show a distinctly lower hannoglobin leve 
than the normal non-pregnant women (reported elsewhere) but no evidence of the 
progressive reduction of hannoglobin percentage throughout pregnancy that has 
been reported by other workers ; there is however evidence, of a tendency to 
increase in cell size as pregnancy progresses. 

2. Amongst the amende patients the same tendency towards increase in size 
of the red cell throughout pregnancy is apparent, but otherwise there is no constant 
change in the size of the red cell ; macrocytic and microcytic anosmias usually 
maintain their own characteristics until cure is effected. 

3. There is evidence that the removal of the foetus, naturally, at term, or 
prematurely, was a more potent factor than any treatment that may have been 
given in bringing about improvement in the blood picture, in the macrocytic and 
normocytic cases, but less so in the microcytic. 

. 4. There is evidence that there is an iron deficiency in the large majority of 
the cases under investigation. This iron deficiency was most evident in the class 
that showed the least anoemia, this anosmia-producing factor probably being 
, over-shadowed by other factors in the more ahosmic classes, and though it is 

; • 1 : — 

* Indian Medical Research Memoir, No.. 33, Thaokor, Spink & Co. (1033), Ltd. Calcutta 
December 1941. ’ 
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more prominent in the microcytic groups, there is evidence of some degree of 
iron deficiency in the other groups. 

5. Liver injections appeared to he effective in some individual cases, but, 
in the analysis of the cases as groups, there was no evidence of this effect, perhaps 
because a negligible number of injections were given in many cases. 

6. Macrocytic anemia is more common amongst primigravide ; this asso- 
ciation is independent of age, for otherwise there is less ansemia amongst young 
women. Microcytic ansemia is commonest amongst older women. 

7. Of the severe cases coming under observation early in pregnancy, the 
majority were macrocytic. 

8. A distinctly larger number of macrocytic cases come under observation 
during the second half of the year. 

9. There is a very marked association between poverty and ansemia, and 
some correlation between macrocytosis and poverty. In the richer classes, 
vegetarianism appears to be correlated with macrocytic ansemia. 

10. There is a significant correlation between Mohammedanism and micro- 
cytic ansemia, and also therefore with purdah. 

11. There is a negative association between excessive haemorrhage at 
parturition and both ante-partum anaemia and macrocytosis. 

12. There is no correlation between sore month and the degree of ansemia, 
but there is a suggestion of association between macrocytosis and sore mouth. 

13. There is a significant association between diarrhoea and to a less extent 
vomiting and macrocytosis. 

14. There is a significant association between both severe anaemia and macro- 
cytosis and (Edema. 

15. There is a significant association between severe macrocytic anemia and 
both spleen and liver enlargement. 

16. Albumin in the urine is significantly more frequent in the severe anemia 
class. 

17. Hyperbilirubinemia is definitely correlated with severe anemia and 
macrocytosis. 

18. There is a positive correlation between reticulocytosis and both the degree 
of anemia and macrocytosis. 

19. In the severe-macrocytic-anemia group hyperbilirubinemia is correlated 
significantly with liver enlargement and spleen enlargement, but in the rest of the 
caseB in the severe anemia group it is correlated only with splenic enlargement. 

20. There is considerable evidence of an etiological association of syphilis, 
or some other Waaseimann positive producing factor, in the severe anemia groups, 
for a positive Wassermann reaction was obtained in over 20 per cent and in over 

5 per cent of the 1 poor ’ patients of this group ; in the case of the latter the 
i erence between the macrocytic groups and the rest is significant. There is 
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also a strong suggestion that a positive Wasserinann is particularly associated 
with macrocytosis. 

21. The maternal deaths recorded were mostly amongst the macrocytic 
and normocytic cases. 

22. Prematurity and early death of the child both show a high correlation 
with severe anosmia and macrocytosis. The neo-natal death rate in the anremic 
classes is over 36 per cent amongst infants of mothers with macrocytic ancomia, 
20 per cent amongst those with normocytic, and was nil amongBt those in our series 
with microcytic anosmia. This is also evident amongst those cases first seen post- 
partum, for the neo-natal death rate was over 30 per cent in the combined macro- 
cytic and normocytic groups and again nil in the microcytic. 

23. In the post-partum cases there was evidence of a rapid decline in the 
influence of the macrocytic-anoemia-producing factor. 


Conclusions. 

/Etiology . — One of the objects in carrying out this inquiry was to obtain 
evidence of the important axiological factors in the development of severe anaunia 
in pregnant women in Calcutta, and thus provide a rational basis for a campaign 
against the high anaemia mortality. 

Considerable evidence was found in the whole series of cases of an iron defi- 
ciency. The hookworm infection rate was negligible amongst the patients whose 
stools were investigated, and, as it is not usually high amongst women of the class 
from which the patients were drawn, it seems probable that the origin of this iron- 
deficiency anaemia is dietary, i.e. the iron intake is insufficient for the extra require- 
ments of the pregnant woman. The higher incidence of anaemia in the lower 
economic groups supports this suggestion and the fact that this ' poverty ’ ancemia 
is not predominantly microcytic is not necessarily against it, for it is probable that 
the microcytic picture of the anaemia is overshadowed by other influences. ' 

A relative iron deficiency occurring in the child-bearing period of life with a 
tendency to exacerbations during pregnancy and lactation is well recognized in 
other countries, and is especially common amongst the poor whose iron intake 
is near or below the border-line of the body’s requirements. In our series the pure 
microcytic anosmias occurred mainly in multiparce and older age groups suggest- 
ing that iron depletion during earlier pregnancies may have been the cause 

Microcytic ancemia appeared to be associated with the observance of mtrdah 
The pallor and debility which results from close confinement to the house and 
lack of fresh an and sunlight is probably similar to the chlorosis of a previous 
generation in England, which quickly responded to iron therapy. 

. T his “on deficiency, however, though widespread, is of secondary importance 
in this senes of cases of amemia, for the majority, as well as most of the worst cases 
were macrocytic. The far greater frequency of very severe anamna amongst the 

i^thed^n^ut onT 7 be,evidenco thnt the macrocytic-ancemia-producing factor 
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The production of macrocytic annum appears to be influenced by several 
factors. In the first place, it appears to be connected in some way with the presence 
of tbe foetus ; the anrcinia and the macrocytic tendency show a progressive increase 
throughout pregnancy, both in the anaemic patients and in the controls, and they 
tend to decrease immediately after parturition. Secondly, that this anaemia is 
nutritional in origin, is suggested, not only by the higher incidence in the lower 
economic classes, hut by the fact that- it is the macrocytic type that is more closely 
correlated with low economic status and that in the richer classes, vegetarianism, 
with its lower protein intake, is correlated positively with macrocytic anaemia. 
It is possible that the higher incidence of anosmia and macrocytosis in the second 
half of the year is connected with the less varied dietary, and with a lack of fish 
and vegetables, that is taken during the hot weather and monsoon months. Further, 
the common association of macrocytic anaemia with sore mouth, another deficiency 
, condition, still further suggests a nutritional defect. 

Thirdly, the association of severe macrocytic anaemia with primigravidity, 
independent of nge. its occurrence relatively early in pregnancy, and its association 
with premature delivery and a high neo-natal death rate, suggest comparison with 
the toxaemias of pregnancy. This is further supported by the common association 
of macrocytic anaemia with oedema and albumin in the urine. 

The significant positive correlation of severe macrocytic anaemia with enlarged 
spleen and liver, hyperbilirubinnemiri and reticnlocytosis all point to some haemolytic 
condition and are especially suggestive of chronic malnrin. Malarial parasites 
were recorded in only a few cases, but this is beside the point as it is not suggested 
that acute recently-acquired malaria is the cause, but chronic, or ' latent ’, malaria 
with hyper-refciculo-cndotheliosis. 

Another suggestion for an cetiologicnUy associated infection is provided by the 
high correlation with a positive ‘Whssermann reaction (with the possible proviso 
that this positive Wassermann reaction may be another manifestation of an 
association with malaria). 

Finally, the occurrence of diarrhoea or a history of dysentery, often 
accompanied by prolonged adherence to a limited and unbalanced diet, suggest 
a state of gastrointestinal dysfunction. This raises other mtiological possibilities 
for which added, evidence is provided by the similarity of this type of antenna 
to the macrocytic anosmia which occurs in associotion with sprue and coeliac 
disease. 

To summarize, findings seem to suggest that the macrocytic anaemia of pregnancy 
is a ‘ conditioned ’ toxaemia. that is, a toxaemia associated until the presence of the 
foetus and conditioned by a low dietary intake, or deficient absorption, of certain 
essential blood-forming and protecting substances, the syndrome being aggravated by 
(or perhaps only operative in the presence of) either a chronic malarial infection, 
with the associated hypcr-reticulo-endotheliosis and excessive blood destruction which 
comes an extra demand for these blood-forming essentials, by chronic intestinal 
infections and. diarrhoea with consequent exaggeration of mal-absorplion, and for by 
syphilis with its hcemopoietic depressing action. 
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. Such a conditioned toxicmia is not, purely hypothetical and has been shown to 
occur in connection with both lead and Bclcnium poisoning and with sulphanilamidc 
administration, in the former case it is recognized that people on a rich diet may 
escape the effects of lead poisoning, whilst others on a poor diet, suffer, and recently 
Smith el al. (1940-41) have shown that in animals a high protein diet will counteract 
the effect of chronic selenium poisoning and the hromopoictic depressing action of 
sulphanilamidc. 

The fact that a macrocytic anromia similar in many rcspectB to the macrocytic 
of pregnancy occurs, although less commonly, in men in Calcutta, suggests that, 
as in the case of the iron-deficiencj' nmemin, the foetus is the last straw that breaks 
the camel’s back. 

Clinical picture . — A further object in mind in carrying out this inquiry was to 
correlate clinical syndromes with different hromalological groups, so that treatment 
in the absence of complete blood examination might be more rational. The findings 
of the inquiry have, however, in the first place impressed on the workers the com- 
plexity of the problem of the anaemias met with in Calcutta and the absence 
of any clearty-dcfincd clinical types which can he correlated with the hoemntologicnl 
groups according to which the cases were analysed. It is probable that one reason 
for this is, ns has already been suggested, that an iron-dcficicncy condition may 
underlie other superimposed types of anosmia , lending in mnny instances to a confused 
hromatological picture. Our findings do, however, emphasize the existence of 
marked clinical differences between cases of moderate nnromin (class B) ns compared 
with severe anromia (class A), and further, certain clinical distinctions can be drawn 
between the severe macrocytic anaemias, and the severe microcytic nn/emins in 
class A. 

The main differences between moderate nnd severe nnrcmias in general can be 
summarized as follows : — 

In moderate antenna (clnss B) the patient usually mnkes no complaints nnd the 
condition is found on routine examination. On inquiry she may admit to feeling 
tired, hut many women expect this in pregnancy and think nothing of it. On 
examination some pallor of the mucous membranes of the mouth (and of the vagina 
if the pelvis is healthy), is a more reliable guide to the degree of nnromin than the 
conjunctiva) or nails. The heart may bo normal, but in the border-line cases will 
probably show a luemic murmur or slight dilatation, 

Post-partum haemorrhage is rather more likely to occur in these moderate 
cases than in very severe anromia . 

In severe anromia there may or may not be presenting symptoms. The decree 
of anromia which may develop without complaints is a striking testimonj’- to°thc 
low stnndnrd of well-being with which so many women seem satisfied. It is not 
uncommon to find a hromoglobin of 30 to 40 per cent on routine examination. In 
more severe cases in this group, questioning will, however, elicit symptoms of 
increasing lassitude, or shortness of breath, palpitations and often swelling of the 
feet and face, Diarrhoea is sometimes the presenting symptom. On examina- 
tion, marked pallor is soon, and the .skin often has an ‘ alabastor ’ appearance 
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due to a combination of pallor and oedema. According to the degree .of 
severity, the following signs will be found : oedema of feet, face or of the whole 
body, a degree of dilatation of the heart, a systolic murmur localized in the 
pulmonary area or audible all over the prcecordium, the spleen may or may 
not be palpable. 

Premature delivery, still birth and neo-natal deaths are common in this group. 
Tendency to post-partum haemorrhage is not marked, sepsis in the puerperium is a 
danger. 

The differences between the macrocytic and the microcytic cases in class A 
(severe anaemia) can be summarized as follows, but it must again be emphasized 
that the types axe not by any means clear-cut. 

Macrocytic anaemia has a seasonal incidence and cases tend to occur in the 
second half of the year. It is found on the whole rather more often in the first 
and second pregnancies irrespective of the age of the patient. I'll esc cases come 
under observation earlier in the course of pregnancy than the microcytic type and 
show a greater tendency to spontaneous recovery after parturition. They respond 
little, if at all, to iron therapy. Symptoms include a larger proportion of cases 
with a history of diarrhoea or dysentery than in the microcytic type. A yellowish 
tinge of the conjunctive and skin is often noticeable, corresponding to the large 
number in this group who show evidence of hyperbilirubinemia. The mouth 
may be sore and the tongue be seen to have a shiny smooth appearance with 
red sore patches. It is usual to find enlargement of the spleen and liver. 
Labour is often premature, generally easy, and these cases do not often suffer 
from post-partum haemorrhage, although delay in delivery of the placenta 
is not uncommon. The added strain of labour may be more than the enfeebled 
circulatory system can stand, and in extreme cases death occurs from heart 
failure during or soon after delivery. The neo-natal death rate is very high. A 
positive Wassermann reaction was more common in macrocytic than in microcytic 
cases in our series. 

The severe microcytic anaemias show a positive correlation between Moham- 
medanism and purdah, the influence of the one perhaps overshadowing the other. 
Cases of this type of anaemia tend to come under observation later in the course of 
pregnancy than the previous type. Cases occur at a later age period and in the later 
pregnancies. The tendency for spontaneous recovery after delivery is less marked, 
but the reaction to iron both during pregnancy and afterwards is good. The con- 
junctivas and mucous membranes of cases in this group are dead white rather than 
yellowish white, and signs of enlarged liver and spleen, sore mouth and intestinal 
complaints are less common, although by no means always absent. Heart failure 
in severe cases is equally possible, although in the series under investigation no 
microcytic case died ; the explanation of this may be that severe microcytic 
cases were uncommon, for in. the very severe cases both factors were probably 
operating and the macrocytic picture predominated. 

The neo-natal death rate is low, and was actually nit in this series, for the 
infant has the first call on the available iron. 
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Recommendations keoardino rnoi*im.Axrs and treatment 

Tt. was no part of the programme of this investigation to assess the value of 
any pnrticulnr form of treatment, and in fact we had very little opportunity to do 
so," for in the severe cases usually many different forms of treatment were given in 
quick succession or at the same time ; our recommendations are therefore based on 
deductions from our lircmntological observations combined with other experience 
on our part and on that of others. ' 

Prophylaxis . — It is encouraging to consider that- no other fatal complication 
of pregnancy can, in theory, be so easily prevented if taken in time, ns severe 
nmomin. 

Prenatal care must include constant watchfulness for any signs of development 
of anaemic states. Regular examination of lire woman for pallor of face and mucous 
membranes, and the rough estimation of the Imuoglobin by the Tnllqvisf. method 
arc a matter of a few moments’ work, are within the capacity of any trained midwife 
to carry out, and will serve to detect nil the grosser cases. The medical examination 
which should he undertaken in the early months of pregnancy should include a 
careful inquiry into the history of haemorrhages, especially with reference to their 
frequency, of malaria, dysentery and syphilis, and of nmcmin and rrdenm in previous 
pregnancies. The diet should he enquired into and any deficiency adjusted. 
Physical examination should he directed, especially towards the colour of the mucous 
membranes, the presence of a Juemie murmur or dilatation of the heart, the. condi- 
tion of the spleen nml liver, oedema of feet, and the examination of the urine and 
blood pressure. 

The pregnant woman’s diet should ordinarily he the diet to which she is 
accustomed, with any necessary additions to make it * balanced ’. A pint of milk 
should he considered a minimum requirement, and this is more especially important 
in a vegetarian diet. Some substance rich in vitamin B complex (sproutin'* 
gram, rice polishings, mnrmitc) should be taken, and articles containing a 
plentiful supply of salts including iron should be encouraged. Sunshine and 
fresh air should he insisted upon, and women who observe purdah should take 
extra vitamin D. . , . 

All pregnant women of the classes from which we drew onr cases should he 
given iron by mouth as a prophylaxis during pregnancy. It, is suggested that the 
first course should be given in the 3rd or 4 th month and the second between the Oth 
and 8th month. 

H a patient has an enlarged spleen or gives a history of malaria, n course of 
quinine may be advisable. This should he given after the third month is completed 
and not at the time when menstruation would hnvo occurred, and the patient should* 
rest during the administration. The quinine should be given in 5-groin doses, three ' 
times a day combined with bromide. The chances of quinine causing abortion is 
exaggerated ; the dangers to which 1 lie foetus is subjected are far greater if quinine 
is withheld than if it is administered in moderate doses, but the time for its use 
should he carefully chosen, unless active malaria is present when in anv circum- 
stances thorough treatment must lie given. 
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A Wassermann reaction should form part of a pre-natal examination and, 
if it is positive, treatment should be instituted. 

If a his tory is obtained of severe anemia in a previous pregnancy, a prophylactic 
course of iron by mouth, and liver by mouth or injection should be given early in 
pregnancy and blood examinations made at intervals throughout. 

Diagnosis and treatment . — The first essential is accurate diagnosis and the 
detection of underlying and associated diseases. When anromia is found, a full 
Iiajmatological examination should be carried out to discover the type of anaemia 
present, the stools and the urine should be examined, the blood pressure taken and 
a Wassermann test carried out. 

The earlier treatment is instituted the more likely is the patient to respond. 

Treatment in 'pregnancy . — The diet should be inquired into and suitably 
supplemented. 

Sunlight and fresh air should be insisted upon. 

If the anaemia is microcytic hypochromic, iron should be given in full doses, e.g. 
ferrous sulphate tablets, 6 grains, twice a day after food, iron and ammonium citrate, 
40 grains, three times a day, or better still ferrous ammonium sulphate, 20 grains 
with glucose twice daily. All iron preparations should be given after food with a 
glass of water. Full doses of iron are not constipating, but diarrhoea and indigestion 
arc sometimes complained of, and the pregnant woman is more particularly sensitive 
in this respect. The tablets and pills are more irritating than mixtures but the 
former keep better and are easier to administer. Iron * plastules ’, a proprietary 
preparation that contains peppermint, are also convenient and will be found useful 
in cases in which the ordinary ferrous iron tablets cause gastric irritation. 

If the anemia is macrocytic and hypcrchromic, liver extract should be given 
by mouth or injection. In pregnancy the time factor is important and injection is 
to be preferred. 

If the anaemia is normo^ytic and orthochromic both liver and iron are 
indicated. 

When there is failure to respond to treatment, the question of blood transfusion 
arises. Large transfusions are generally contra-indicated by the state of the 
circulatory system (oedema, etc.), but small transfusions may be given, or better 
still transfusions of moderate size by the drip-feed method. It is, however, doubtful 
whether evidence has been produced to show that these are any more effective than 
intramuBcnlaT injection of whole blood, which obviates grouping, is much easier to 
obtain, less distressing to give, and does not contain the risk of severe reactions, 
which seems particularly liable to occur in very anaemic women given intravenous 
transfusion. 

Intramuscular injections, 20 c.cm. on alternate days, should certainly be tried 
in cases that fail to respond to other treatment: A reticulocytosis should be 
observed in about a week. 

. It should be remembered that anaemia will not respond to treatment in the 
presence of active sepsis. 
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(In milder cases of antenna when facilities for blood examinations are not 
available, it is a good working rule to give a course of iron and observe the result ; 
if there is no improvement, liver injections should be given in addition. If the skin 
shows a yellowish tinge, liver should be given from the first, and a careful inquiry 
for underlying conditions, c.g. malaria, syphilis, dysentery, carried out.) 

During labour . — Many cases of severe anaemia come under observation for the 
first time when labour has begun. 

In very severe cases the patient is suffering from a degree of heart failure and 
anoxccmia, and the strain of labour through which she has to pass may well be too 
much for her cardiac reserve. Labour in these cases is, however, often premature 
and generally easy (cf. labour in cardiac disease, with which these cases have 
much in common), and it is surprising how women with red-cell counts of a million, 
or even just under a million, may survive. 

A minimum of excitement and disturbance of the patient is necessary, and 
delivery should be allowed to take place in a quiet room, preferably on a 
bed, with the patient half sitting, well propped ’ up on pillows, or with a 
back rest. Frequent small feeds with plenty of glucose should be given. 
Sedatives usually helpful are paraldehyde, bromide and chloral. Morphia 
may be needed, and has the added advantage of preventing the tendency to 
restlessness which is induced by the cardiac distress and anoxcemia. It may have 
to be combined with atropine if there is oedema of the lungs. 

The oedema and disturbance of the circulatory system contra-indicate the 
use of large transfusions of blood or subcutaneous injections of fluid but 
small intravenous injections of glucose may be used to tide the patient over a- 
critical period. • 

We have observed no good results from hypodermic injections of strychnine 
and digitalin, but camphor and coramine sometimes seem to help. On the whole 
sedatives are iurlicated rather than stimulants. < ’ 

The third stage should never be hurried. Efforts to express the placenta are 
particularly exhausting to the patient and should never be mad?. Post-partum 
haemorrhage is rare in severe anaemia but particularly dangerous if it does occur. 
Spontaneous expulsion of the placenta nearly always occurs unless death is 
imminent. 

Treatment in the puerpcrium.—li the patient with very severe anromia survives 
the first few days after delivery she nearly always recovers, unless sepsis supervenes 
The danger of puerperal infection is however very great, and in some conditions of 
practice, it is probably true that ns many very ancemic women die later from 
puerperal sepsis as die from the effects of aneemia and the strain of labour When 
sepsis occurs the difficult question arises of the use of the sulphonamides with their' 
depressant effect on the hemopoietic system. But as the antemia will not improve 
in the presence of tho marked sepsis, there is no alternative but to give them com 
bmed with iron, liver and intramuscular injections of whole blood, or continuous 
blood transfusion when circumstance permit, at the same time. 
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Recommendations based on the findings in 40 deaths from anaemia in 
pregnancy in Delhi and Najafgarh during a 12-month period 
( 1 938-39). From a report of the Delhi Maternal Mortality 
Inquiry (Indian Research Fund Association) by 
M. I, Neal Edwards, m.d.. W.M.S.. and 
J. Dei, m.b., u.s, 

• Recommendations 

I. Amemia : need for emphasis in medical education avd (raining 

of midair us 

(a) Anremin is. next, to puerperal sepsis, the most, frequent cause of maternal 
death in India. Therefore in the training of medical students and pupil midwives 
particular emphasis should be laid on its prevention, detection and treatment. 
Many textbooks in current use give no more than n passing reference to the subject. 
This defect, needs to be corrected, and cspecinl emphasis should be laid on amemia 
in lectures and demonstrations. 

(b) A method of hicmoglobin estimation should be taught to every midwife, 
and the means of carrying it out. (c.g. Tallqvist scale) should be considered part 
of her equipment. The use of this rough method, nlthough not. providing very 
much information, does serve to impress the matter of anaemia on patient, doctor 
and midwife alike, and for this reason has a more than intrinsic value. ■ 

2. Prenatal care : detection of anennia 

(а) .Regular examinations of the pregnant woman for the signs of nnremia 
should be the rule. A search for pallor of the face and mucous membranes, and the 
rough estimation of the luemoglobin by the Tallqvist method, ore a matter of a few 
moments’ work, and will serve to detect the grosser cases. Regular luemoglobin 
estimation in pregnancy should be considered as essential a part of prenatal care 
as the examination of the urine for albumin. (It is probably true to say that were 
it done regularly in India, more lives would be saved thereby than are saved at 
present by urine examination.) 

(б) A knowledge of- the type of amemia and the response to treatment 
is necessary for rational and successful therapy, therefore arrangements should be 
made for doing the simpler blood examinations in connection with prenatal climes 
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and women’s out-patients deportments. But the more advanced hromatological 
technique is very specialized and therefore special arrangements, such ns a central 
laboratory, should be made where full- investigations can be done. 

3. Treatment 

(a) Welfare centres and women’s hospitals should carry large supplies of iron, 
liver and vitamin-B preparations, for use in the treatment of ana; min. 

(b) Prenatal and lying-in wards for anromia cases should be as important a 
part of maternity hospitals in India as wards for puerperal sepsis. When the 
frequency and danger of this complication of pregnane}’- are better recognized by 
the medical profession and the public, and more cases apply in time for admission 
to hospitals, separate wards for the purpose of treatment will be a necessity. 


4. Importance of diet in prevention of anosmia 

(а) More attention should be directed to the giving of a suflicicnt. and balanced 
diet during illness and convalescence. Antonin often occurs after periods of 
partial starvation and defective nutrition, especially when this is associated with 
chronic gnstro-intestinnl disorders, when a low diet, poor appetite and defective 
absorption, all contribute towards its development. This is even more likely to 
happen during pregnancy when the fcotus is a constant drain on the mother’s 
resources. Much could be done to prevent anamiia by more attention to the 
convalescent patient. Few women leave maternity hospitals in India who would 
not be the better for diet advice and a course of intensive treatment with iron : 
by means such as this, which might be made routine, much gross anromia in women' 
could be prevented. 

(б) The possible association between a vegetarian diet and macrocytic anromia 
needs investigation, and the matter should be studied in different localities. 
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Propaganda leaflets 

A. AJUEMIA IX PREGNANCY* 

The dangers of aneemia 

Antomia means lack of blood. suffering and 

There may be no oilier symptoms, but lb becorocs rapidly morse. Many 

-"»■* •* ho " ,% n 

they Bright be. mmMy 

Antomia begins insidiously with P c jJJ e nnd fn il s to digest and enjoy 

breath. The mother feels tired, has ioss of pp i onl}% but it 1B not so , m 

her food. She may think that this is di 1 P 8 sbc nmy become unable to carry 

EKZt" 

the heart has been affected. born prematurely, or even be 

The child as it develops is weak also^t y BUr ? ive for long. . 
stillborn, and if it is born alive it is often too * enkiy 


During co»fmmcnt ^ of having 

The strain of labour for ail amende health in a short time, the 

an easy delivery resulting in complete restora m ilk for her baby, and she 

ZCrlrinsW nnd table, she cannot bear to 

remains an invalid for many months. It may l PP q{ ber anromia, and she 
strain of labour-, or some complication may arise neca 

may lose heT life. i_pq S to tbeir families, but 

These suffering mothers bring great trou e ■ an educated members 

this can he avoided by proper (mrc and . » % prevcnt tbs moftsrs 

of the family, the fathers and hnsbandsto r P egnan cy and childbirth, 

suffering and ensure their health an d safety d 8 P ° 

1 .AAR 


* Prepared for Calcutta Health Week Exhibition, 1937. 
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Row to avoid anaemia 

There are many forms of aneemia which arise from different causes : — 

(1) Certain diseases, e.g. malaria, may cause anrcmia. The cure for this 

kind of anoemia is proper treatment of the cause. 

(2) Other kinds of ana?mia come from lack of fresh air and sunlight . Just 

as a plant grown in the dark becomes weak and pale, so does a woman 
who. is shut up inside the house for long hours become amende. 
It is most important that purdah women should take mild exercise 
and sit out of doors in the morning and evening. 

(3) A faulty diet may cause anoemia if it consists of foods which do not contain 

sufficient iron. This commonly happens in pregnancy, for at this 
time the mother needs iron for the growing child as well as for herself. 
A pregnant woman should eat a plentiful supply of fruit and green 
vegetables. Tomatoes, carrots and Spinach are especially good. 
Eggs and meat also are foods rich in iron. 

(4) Pregnancy itself may cause anasmia in women. This can be avoided by 

taking liver in soup or curry, or if this kind of food is not eaten, taking 
a tablespoonful of marmitc or yeast every day. 


B. Anemia* 

. Anaemia means that the blood is of poor quality. Good health is largely 
dependent on good blood. If the‘ blood is poor*the person looks pale and feels 
weak and easily falls a prey to illness. 

Anoemia may be caused by loss of blood, or it may be the result of chronic 
illness, or it may be due to faulty diet. Sometimes it develops rapidly in pregnanev 
and is then a very dangerous condition for mother and child. 

To prevent anaemia 

1. Take regular exercise in the fresh air and sit or walk in the sunlight for 
at least half an hour every day. 

2. Keep the house well ventilated and sleep with windows open at night. 

3. Take good, ordinary diet and see that it includes plenty of green vegetables 
e.g. Bpinach, and fruit, e.g. tomatoes, apples, grapes, pomegranates. 

Non-vegetarians should take liver, meat and eggs. 

To cure anaemia 


1. A doctor should be consulted at once if signs of antnmia are present 
- because ia mild form may quickly develop into a dangerous condition especially 
in pregnancy. F “ 




174 


Amentia in Pregnancy in India 


The doctor will examine the blood and prescribe the treatment required. 

2. The diet is of great importance in antenna therefore n good diet must be 
taken. In addition to ordinary food talc every day : — 

Carrots and spiuach and other green vegetables ; tomatoes and fruits in season 
such as apples, grapes, oranges. 

Non-vegetarians should take liver nt least twice a week and plenty of meat 
and eggs. 

Vegetarians should take marmitc : two tenspoonfuls thrice daily. 

Note . — If there is any chronic disease present, e.g. hookworm, dysentery, 
pyorrhoea, it is necessary to get this treated if the amcraia is to be cured. 


How to cure anemia 

When there is amentia m pregnancy immediate steps should be taken to get" 
it properly treated, or it will certainly get worse as pregnancy advances. 

(1) A doctor should he consulted who will examine the blood to find out 

what kind of antenna is present. 

(2) Treatment given by the doctor will be directed towards removal of the 

cause, and if necessary alteration of the diet and change of daily 
habits as regards sunshine and fresh air. Iron medicine and injections 
of a liver preparation will be prescribed and mannite will be 
recommended, ^ 

If the anmmia is extreme it. may be necessary for the pregnant mother to b 
admitted to hospital for intensive treatment which may have to include transfusion 
of blood. 

All women should be under the care of a doctor, welfare centre or hospits. 
antenatal department during pregnancy, and blood examinations should be mad 
in order that antenna if present may be detected. Only in this way will air > <* 
bo treated in the earliest stages when it can be easily cured and the mother a ■ 
child saved from its dangers. 




